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A REVISION OF THE ATOMIC WEIGHT OF BERYLLIUM. 
By CHARLES LATHROP PARSONS. 
Received May 12, 1904. 

THE first determinations of the equivalent of beryllium were 
made by Berzelius in 1815,1 and consisted of a single analysis 
each of an undoubtedly impure hydrous sulphate and chloride, 
beth of which were probably also basic in character. The results 
are, therefore, of no interest in a discussion of the atomic weight 
of this element. 

In 1842 Awdejew? carried out an extended investigation on the 
sulphates of beryllium and was the first to recognize the neu- 
trality of the hydrous sulphate which Berzelius had considered 
an acid salt. He also prepared the sublimed chloride by the 
action of chlorine upon a heated mixture of beryllium oxide and 
sugar charcoal, and made three analyses of the product which 
did not show close agreement. They gave an atomic weight 
approximating 9.8, the high results being unquestionably due 
to the action of water on the sublimed chloride, as Awdejew 


1 Schweigger Journal, 1§, 296. 
2 Ann. der Phys. Pogg., §6, 106; Clarke’s ‘‘ Constants of Nature,”’ p. 132. 
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dried his gas by simply passing it over calcium chloride. . His 
work on the sulphate was of much greater value. Four results 
are. given varying from 9.18 to 9.49. The ratio of BeO to BaSO, 
was determined by precipitating the sulphuric acid with barium 
chloride, removing the excess of barium and then precipitating 
the beryllium as hydroxide by ammonia. Apparently no attempt 
was made to weigh the sulphate itself. 

Weeren,! in 1854, published four determinations obtained from 
the hydrous sulphate by a method quite similar to that used by 
Awdejew, except that he precipitated his beryllium hydroxide 
by ammonium sulphide instead of ammonia, finding it to be 
somewhat soluble in the latter. His results varied from 9.18 to 
9.42. 

The following vear Debray* published his investigation on 
beryllium and its compounds, and estimated the equivalent by 
means of the double oxalate of ammonium and beryllium. He 
determined the oxide by calcination after conversion into the 
nitrate and also estimated the carbon in separate samples by an 
organic combustion. His three results are far from agreeing 
closely, but the ratio between the two means of BeO: 4CO, gave 
Be = 9.34. 

In 1869 Klatzo* obtained results varying from 9.13 to 9.40 
by means of five analyses upon the hydrous sulphate, using the 
same method as Awdejew. 

Nilson and Pettersen* were the next to take up the subject, in 
1880. They had, for several years, been engaged upon investiga- 
tions of the rare earths and had actively taken part in the con- 
troversy upon the equivalency of beryllium, which lasted so many 
years. In fact, they were the first chemists to definitely settle 
the matter by a determination of the vapor-density of beryllium 
chloride and, quite contrary to their previously held opinion, to 
establish its bivalency. In this atomic weight work they first 
attempted to use the sublimed chloride, but abandoned the trial 
upon finding calcium in their product and their glass tube ap- 
parently attacked. They then resorted to the crystallized sul- 
phate as all previous investigators, except Debray, had done, 
but used an entirely different method, weighing the sulphate 


1 Ann. der Phys. Pogg., 92, 124. 

2 Ann chim. phys., (3), 44,37; Clarke's ‘‘ Constants of Nature,” p. 133 
3 J. prakt. Chem., 106, 235. 

* Ber. d. chem. Ges., 13, 1451. 
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itself after pulverizing the crystals and pressing between filter- 
paper, then igniting in platinum and weighing the oxide pro- 
duced. Their sulphate too was probably purer than any previ- 
ously made, having been produced from the sublimed chloride. 
Their four results agreed very closely, 9.09 to 9.114. 

Kriiss and Moraht? published their well-known investigation 
in 1891, their results also being obtained upon the hydrous sul- 
phate, which they dried over phosphorus pentoxide before weigh- 
ing. Their sulphate was derived from three different sources 
and was very carefully purified. They also used very much 
larger amounts of the sulphate for each ignition than any other 
investigator had done, which compelled them, however, to blast 
their specially constructed platinum crucible for unusually long 
periods of time. They made fourteen closely agreeing analyses, 
their results varying between 9.02 and 9.088. 

All results upon the atomic weight of beryllium obtained up 
to the’ present time are, therefore, based upon analysis of the 
hydrous sulphate BeSO,.4H.O, with the single exception of 
Debray, who used the double oxalate Be(NH,),(C,O,)., and 
may be summarized as follows: 


Ratio determined Mean O= 16. 
Awdejew EE Oe er eT BeO : BaSO, 9.34 
Wileretidsiclscsiccine one veneuce sac BeO : BaSO, 9.27 
Klatzo 02s cccccecccccccoccccces BeO : BaSO, 9.28 
DODIAY.<cccins. casdscceees ccwcees BeO : 4CO, 9.34 
Nilson and Petterson............ BeSO,.4H,O : BeO 9.104 
Kriss and Moraht..........- -- BeSO,.4H,O: BeO 9.05 


BALANCE AND WEIGHTS. 


The balance used in the analyses which follow was a new 
No. 1 Staudinger, which was bought especially for this work. 
The adjustment was so arranged that a difference in weight of 
I mg. caused a deflection of twenty divisions on the scale, which 
could easily be read to 0.2 of a division by means of the micro- 
scope attachment. The balance was placed in a second case en- 
closed on all sides and large enough to permit of convenient 
manipulation when the front was lifted. This case was attached 
directly to a brick wall 2 feet thick, with a shallow air space be- 
tween the case and wall and without any floor connection, so that 


1 Ann, Chem. (Liebig), 262, 38. 
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it was not subject to any ordinary jar. It was situated in an 
evenly heated room. All weighings were made by the method of 
substitution against a tare consisting of a light thin glass weigh- 
ing-bottle, containing a platinum crucible and cone of the same 
size and shape as those used in the analysis. This tare was treated 
in all respects the same as the weighing-bottles against which 
it was balanced, and both, on removal from the desiccator, were 
wiped with a soft cotton cloth and allowed to stand in the inner 
balance case. This case was kept as dry as might be by means of 
sulphuric acid. 

The weights were of brass, platinum-plated and were compared 
individually and against a standard weight by the Kaiserl. Nor- 
mal-Aichungs Kommission. I also compared them against each 
other and my comparisons agreeing closely with those certified 
to by the commission, their figures were accepted as correct. All 
weighings were corrected to a vacuum standard. 


I. PRELIMINARY INVESTIGATIONS. 


The Preparation of Material_—The beryllium compounds used 
in this investigation were derived from two sources, the first 
being beryl from Grafton, N. H., and the second Kahlbaum’s 
*Berylliumhydrat.” 

Beryl is most readily and quickly attacked by fusion with 
sodium hydroxide, but no container could be procured which 
was not also acted upon to such an extent as to render it useless. 
Nickel crucibles on the market are too small to be of use except 
for analytical purposes, as the fused mass foams badly. The 
method of Lebeau,’ who proposes the high heat of an electric 
furnace to volatilize a portion of the silica of the beryl and render 
the residue easily decomposable by acids, has distinct advantages 
to those possessed of the necessary facilities. Beryl itself is not 
affected by any acid, even hydrofluoric, and this fact renders a 
separation from orthoclase and quartz, which most of the large 
New Hampshire beryls contain, an easy matter. 

After a careful study of the many other methods for the de- 
composition of beryl the following procedure was adopted as the 
most convenient in my laboratory. The powdered beryl was 
fused in a Battersea crucible with a mixture of sodium and potas- 
sium carbonates and the fused mass turned out to cool on a 


1 Compt. Rend., 121, 641. 
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smooth iron plate. The melt was pulverized and washed with 
water, which removed soluble sodium and potassium salts, notable 
amounts of silica and some beryllium, but the loss was more 
than compensated for by the greater ease of the subsequent opera- 
tions. The moist residue was just barely covered with water 
and concentrated sulphuric acid added in excess, by which pro- 
cedure it became at once a dense jelly-like mass, which was easily 
broken up, dried and heated on a sand-bath to render silica in- 
soluble. The fine, nearly white and dry powder so produced was 
washed with hot water, potassium sulphate added to the solution 
and the major part of the aluminum crystallized out as alum. 
The mother-liquor was oxidized with potassium chlorate and 
sodium carbonate carefully added in small portions at a time 
with intermediate boiling until the filtered solution was colorless. 
Most of the remaining iron and aluminum are thus precipitated 
before the beryllium, as Hart' has pointed out, and the selective 
action is undoubtedly due to the power which beryllium sulphate 
1as of dissolving considerable amounts of its own carbonate. 
To the filtered solution sodium carbonate was added with care 
to avoid any great excess, as the precipitated basic beryllium 
carbonate is notably soluble in sodium carbonate solution, and 
the precipitate washed to remove sodium salts. It was then dis- 
solved in excess of sulphuric acid and the BeSO,.4H.O crystal- 
lized out on evaporation. After a second crystallization from 
pure water the sulphate was again dissolved, precipitated by 
ammonia, filtered and washed, without any attempt, however, to 
free the gelatinous hydroxide entirely from sulphates. The re- 
moval of the main part of the ammonium sulphate is advisable, 
however, as the reverse reaction, 
Be( Be(OH),),CO, + 4(NH,).SO, = 

4BeSO, + 8NH, + 7H,O + CO,, 


takes place to a greater or less extent on continued boiling, after 
precipitating the basic carbonate from ammonium carbonate solu- 
tion, and is, of course, proportional to the amount of sulphate 
present. The reaction may be easily complete if excess of 
sulphuric acid is present before neutralization. The beryllium 
hydroxide was transferred to a large bottle covered gwith an 
excess of dilute ammonia and carbon dioxide passed through the 


1 This Journal, 17, 604. 
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liquid. When nearly saturated, more ammonia was added, the 
carbon dioxide shut off and the bottle allowed to stand in a warm 
place with occasional shaking. The liquid was filtered from 
some undissolved aluminum hydroxide and was treated with 
excess of ammonium sulphide as recommended by Scheerer! and 
Kruss and Moraht.* A small amount of a black precipitate was in- 
variably thrown down at this stage. After standing for several 
days, the solution was filtered, with special care that the black pre- 
cipitate was at all times in contact with liquid containing ammo- 
nium sulphide. It was then boiled with constant stirring until 
ammonia was evolved and precipitation was complete. Vigorous 
stirring of some form is absolutely necessary as the granular pre- 
cipitate settles quickly and causes violent bumping which I have 
never been able to prevent by any other method. The basic car- 
bonate thrown down varies continually in composition as precipi- 
tation progresses but the final product has the approximate for- 
mula Be(Be(OH).),CO;.2H,O when dried over sulphuric acid. 
It is slightly soluble in water, so precipitation is never quite com- 
plete. At 100° it loses about 4.50 per cent. of water and con- 
tains about 44 per cent. of BeO. Like all the basic compounds of 
beryllium which have come under my observation except those 
of the acetate group to be described later, its composition 
is bv no means definite. The carbonate was twice redissolved in 
pure sulphuric acid and reprecipitated from ammonium carbonate 
as described above except that the treatment with ammonium sul- 
phide, although each time repeated, failed to separate any further 
black sulphide. 

Kahlbaum’s ‘Berylliumhydrat” contained quite notable 
amounts of aluminum and small quantities of iron. Jt was pre- 
cipitated three times as basic carbonate, exactly as described 
above, and the small amount of dissolved iron thrown out by 
ammonium sulphide. 

The basic carbonates so prepared were employed as a basis for 
the production of the purer salts used in the atomic weight deter- 
minations. They contained small amounts of aluminum, but 
were free from other admixture. 

The Ammonium Sulphide Precipitate-—Kriiss and Moraht lay 
special gtress upon the removal of the black precipitate formed 


17. prakt. Chem., [1], 27, 76. 
2 Ann. Chem. (Liebig), 262, 47 
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by adding ammonium sulphide to the ammonium carbonate solution 
and attribute the fact of their low results to its removal. In fact 
their investigation was undertaken with this idea in view. Ac- 
cording to them?’ the precipitate was not due to iron but, while 
yielding a black sulphide, gave a white hydroxide. They promised 
further investigation. Apparently unknown to them, Scheerer 
had, on July 15, 1842, read a paper at Stockholm in which he 
recommended the same procedure for the removal of the small 
amount of iron dissolved in the ammonium carbonate, and Vau- 
quelin, in one of his early articles,* speaks of the difficulty of re- 
moving the last traces of iron, but says it can be done by means 
of potassium hydrosulphide. This must have been done in am- 
monium carbonate solution. 

The matter has been one of interest to chemists working on 
beryllium and its compounds since the article of Kriiss and 
Moraht was written, for it appeared to follow that if their state- 
ment of a black sulphide and white hydroxide was true a new 
element was under consideration. As the amount of precipitate 
is small, I began, some three years ago, in the early part of my 
work on beryllium and while working on beryl, to save the small 
amounts of black precipitate obtained with each new lot of 
material. Fortunately I did not realize for some time the de- 
sirability of removing the ammonium sulphate previous to solu- 
tion in ammonium carbonate, so that the filtering of the am- 
moniacal solution after precipitation of the hydroxide was omitted. 
In this way about a gram of the black precipitate was collected 
and on analysis it proved to be a mixture of the sulphides of iron 
and zine, but mainly zinc. On adding ammonia, with care to 
avoid excess, it yielded a precipitate which, in small amounts, 
might easily have been called white, while on addition of am- 
monium sulphide the biack iron sulphide immediately predom- 
inated. Over 0.5 gram of zinc oxide was separated in the pure 
state and was procured from several kilograms of beryl. I be- 
lieve the presence of zinc in beryl has not before been noted. 

The “Berylliumhydrat” was also carefully examined and the 
presence of zinc established, but in very small amounts. It is 
quite probable that this material had been washed from alkaline 


' Ann. Chem. (Liebig). 262, 47. 
2 J. prakt, Chem. [1],27, 76; Pogg. Ann., September, 1842. 
8 Allg. Jour. du. Chem., 1, 595 
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solution which would, of course, have removed the greater part 
of the zinc. 


Beryllium Chloride.—It is quite generally conceded that atotnic 
weight determinations, based upon the analysis of the metallic 
halides, are among the most accurate made, and it is highly de- 
sirable that the beryllium equivalent be determined on the pure 
chloride. Unfortunately, however, it has properties which render 
the task extremely difficult, being immediately acted upon by 
the slightest trace of water, and according to Nilson and Petter- 
sen,! and Humpedge? it attacks glass. In my earlier studies on 
the subject I had hoped to be able to purify tne chloride by the 
same method that Richards* used for magnesium, by evaporating 
carefully a mixture of the chlorides of beryllium and ammonium 
in a perfectly dry current of hydrochloric acid gas and subliming 
off the ammonium chloride. Early experiments showed that the 
ammonium chloride did prevent the decomposition of the beryl- 
lium chloride and a dry mixture but little, if any, decomposed 
could be obtained. On heating, however, they both sublimed 
together and no separation could be made, in spite of the 
fact that Carnellev* places the melting-point of beryllium 
chloride as between 858° and 890°. If the mixture be dried and 
heated in air, the ammonium chloride alone sublimes, leaving the 
oxide of beryllium in so light and feathery a form that it is car- 
ried by air currents about the room. 





The normal chloride, bromide and iodide were first made by 
Wohler®> by heating a mixture of the oxide and carbon in the 
appropriate gas and subliming the product. The chloride was 
also made from the metal itself by sublimation in dry hydro- 
chloric acid gas by Nilson and Pettersen. Lebeau® has recently 
prepared the iodide from the carbide in a similar manner. The 
chloride and iodide have quite similar properties. The bromide 
has been little studied. All are attacked violently by water with 
evolution of the corresponding acid. The solution of the 
chloride is strongly acid in reaction, readily dissolves the car- 

1 Ann. chim. phys. [5], 14, 428. 

2 Proc. Roy. Soc., 39, 1. 

8 Ztschr. anorg. Chem., 13, 92. 

4 Phil. Mag. [5], 18, 21. 


5 Ann. der Phys., 13, 577- 
® Compt. Rend., 126, 1272. 
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bonate or loses hydrochloric acid on evaporation. Evaporation 
on the water-bath or im vacuo over sulphuric acid has, in my 
hands, invariably yielded basic compounds. I have made many 
analyses of these basic chlorides, but no two products have ever 
agreed in composition, nor has crystalline structure ever been 
observed. Heating to a high temperature yields the pure oxide, 
but a small amount of BeCl, seems to be always sublimed after 
the last traces of water have been driven off. Every attempt to 
make the compound BeCl,.4H,O, described by Awdejew, met 
with failure. No crystalline chloride of any degree of hydration 
could be prepared. I believe the existence of this compound 
to be highly improbable. Some recent experiments have 
led me to seriously doubt the conclusion of Nilson and 
Pettersen, and Humpedge as to the action of BeCl, on glass, 
at least upon Jena or hard potash glass, in both of which I have 
sublimed the chloride from place to place, and repeatedly from 
the same place without the slightest sign of action so long as 
all moisture was absent. The least moisture, however, caused 
a thin film of the oxide to form, which might easily be mistaken 
for corrosion and which adhered tenaciously to the glass. 

Beryllium Sulphate-—Beryllium forms two normal sulphates, 
beSO,.4H.O and BeSO,.2H.O, which are definite in composition 
under proper equilibrium conditions. As will be shown in 
another paper soon to be published, the sulphate BeSO,.7H,O, 
described by Klatzo,' does not exist and it is doubtful if the an- 
hydrous sulphate BeSO, has ever been prepared pure. It is upon 
the tetrahydrate that the accepted atomic weight of beryllium 
rests. The dehydrated salt is produced from the tetrahydrate by 
heating at 100° and is apparently stable in dry air below this tem- 
perature. It was an intermediate step in the work of both Nilson 
and Pettersen, and Kriiss and Moraht and would have given a 
second ratio for the determination of the equivalent. 

In the early stages of my work on the sulphate it became ap- 
parent that I could not dry the normal tetrahydrous salt over phos- 
phorus pentoxide as Kriss and Moraht had done, for the ma- 
terial slowly but continuously lost in weight. No absolutely 
definite point could be taken as representing exactly the salt 
BeSO,.4H,O, although the powdered crystals are stable at or- 
dinary temperatures and pressures when air-dried. Under these 

1 7. prakt. Chem., 106, 233. 
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conditions they probably are as near to the accepted formula as 
is the case with most hydrous salts. Nilson and Pettersen seem 
to have recognized this fact, for they made no attempt to dry 
their air-dry material other than by pressing between filter-paper. 
To establish more definitely the instability of the water of crys- 
tallization | undertook a series of tensimeter experiments. With 
phosphorus pentoxide as the desiccating agent, the water of 
crystallization of the tetrahydrous salt shows a pressure of 20 
mm. olive oil at 20° and this pressure increases rapidly as the 
temperature of the thermostat rises. The pressure in the ten- 
simeter was many times equalized and the experiment repeated. 
Weeren’ states that BeSOQ,.4H.O loses one-third of its water at 
35°. The dihydrous salt BesO,.2H,O, while for all ordinary 
purposes stable at 100°, appears to very slowly lose its water 
of crystallization if continuously maintained at this temperature. 
I have never been able to obtain the same equivalent from the 
weight of BeSO,.4H.O taken and the weight of BeSO,.2H,O 
derived therefrom. One would naturally suppose, since Kriss 
and Moraht first dried their salt to slowly remove the first 2 
molecules of water before ignition, that they arrived at a like 
conclusion. This fact in itself should, in the absence of other 
proot of definiteness of composition, render the use of either for 
atomic weight purposes, subject to question. 

In order to repeat the work of previous investigators on the 
sulphate, | prepared a quantity of a very pure salt by first dis- 
solving the carbonate, already mentioned, in hydrochloric acid 
and treating according to the method of Havens? to remove any 
aluminum remaining. During the course of this work it was 
discovered that if the filtered saturated solution of beryllium 
chloride in the ether hydrochloric acid mixture was cooled down 
or supersaturated, a mass of beautiful white needle-like crystals 
were formed, which could be separated from the mother-liquor 
by means of a Buchner funnel without the use of filter-paper. 
These crystals contain all the constituents of the solution, beryl- 
lium chloride, hydrochloric acid, ether and water. Their exact 
composition is yet to be determined, but as they seemed to offer 
a further means of purification all of the beryllium chloride used 
in the preparation of the sulphate was passed through this 


1 Ann. der Phys., 92, 124. 
2 Ztschr. anorg. Chem., 1§, 18. 
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medium. On exposure to air the crystals were decomposed, 
losing ether and hydrochloric acid. The purified material was 
dissolved in excess of ammonium carbonate, boiled, precipitated 
and washed free from chlorides and ammonia. The carbonate 
so produced was dissolved in slight excess of carefully purified 
sulphuric acid. On evaporation, crystals of BeSO,.4H,O were 
obtained, which were four times crystallized from water, washing 
each time with absolute alcohol. The crystals so prepared were 
dissolved in pure water, evaporated to the crystallizing point and 
the viscous hot solution poured into a large excess of strong 
alcohol. No precipitation occurred at once although a milky, ap- 
parently colloidal, solution was produced which, on standing over 
night, crystallized out almost completely. This was repeated 
once and the crystals so obtained were dissolved in carefully puri- 
fied water, evaporated and crystallized as small crystals by stir- 
ring. When air-dry, they were powdered and used for determina- 
tion of the equivalent and for the experiments already briefly 
described. Determinations were made on both the air-dried sul- 
phate and upon sulphate which had been, for a short time 
only, over phosphorus pentoxide. The sulphate was weighed 
into platinum crucibles, dried at 100°, reweighed, and dried at a 
gradually increasing temperature in a Jannash beaker until the 
remainder of the water and most of the sulphur trioxide was re- 
moved. It was then blasted to complete removal of the sulphur 
trioxide. This required a very high temperature and was not 
complete, with the blast at my command, if the platinum crucible 
was protected by enclosure in a second. Fortunately, however, 
the oxide produced from the sulphate did not in the least adhere 
to the platinum crucible. The final weight of the crucible was, 
therefore, taken in determining the weight of the oxide. Nilson 
and Pettersen, and Kriiss and Moraht both blasted platinum 
direct and mention no correction therefor. It would seem likely, 
however, that Kriiss and Moraht made such a correction, for 
they speak of having to diminish the weight of the platinum cruci- 
ble used as a tare in order to balance the one used in analysis. 
They used such large amounts of material that this error would 
be comparatively small in their results. 

It has not been deemed necessary to enter into details of manipu- 
lation, but full precautions were observed, as described in the 
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analyses to follow. Results on the sulphate yielded atomic 
weights from 9.18 to 9.36. Sources of probable error were so 
apparent that I had no confidence in the results obtained, and 
they will not be included in the final summary. The work is 
described for its bearing on the investigations of others and to 
call attention again to the probable errors in using a hydrous salt 
as a basis for the determination of atomic weight. Unfortunately, 
until quite recently, no other salt seemed to be available in the 
case ot beryllium. 
II. DETERMINATIONS OF THE ATOMIC WEIGHT. 


Since the last investigation of the atomic weight of beryllium 
was made by Kriss and Moraht, in 1890, two new anhydrous 
compounds of beryllium have been discovered which are espe- 
cially fitted for a redetermination cf this constant, vis., the acetyl- 
acetonate and the basic acetate. The first has the disadvantage 
common to all compounds previously used in that it contains a 
small per cent. of beryllium, slightly less than the sulphate, in 
fact, and any variation in the per cent. of beryllium oxide is 
doubled in the atomic weight. The basic acetate fortunately con- 
tains a much larger proportion of beryllium and in this respect 
approaches to the composition of the chloride. Both are readily 
crystallized and sublimed, and lend themselves to a very complete 
separation of the element from others, which might interfere in 
the determination. The basic acetate, a compound with very 
unusual properties and peculiar to beryllium alone, would seem 
to be especially adapted for this purpose. 

The Properties and Analysis of Beryllium Acetylacetonate. 

Properties.—Beryllium acetylacetonate was first prepared by 
Combes,' the discoverer of acetylacetone itself,? and many of 
the interesting metallic derivatives of that compound. It is most 
readily prepared by the action of beryllium carbonate or hydroxide 
on acetylacetone. It is a perfectly white crystalline substance 
which is slightly soluble in cold water, more soluble in hot water 
and slowly decomposed by boiling water with loss of acetylacetone 
and precipitation of beryllium hydroxide. It is readily soluble 
in alcohol and » easily crystallized therefrom in rhombic plates, 
differing widely from the crystals of the corresponding aluminum 


1 Compt. Rend., 119, 1221. 
2 Jbid., 103, 814. 
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salt. It is soluble in benzene, toluene, xylene, naphtha and all 
petroleum distillates, chloroform, turpentine, methyl alcohol, 
amyl alcohol, ether, ethyl acetate, acetone, carbon disulphide and 
all other solvents at my disposal. It melts at 108° and boils at 
270° without decomposition. It sublimes readily many degrees 
below its boiling-point and begins to sublime even below the 
boiling-point of water. The sublimed crystals are light and 
flocculent with a marked resemblance to flakes of snow. It is 
soluble in acids, setting free acetylacetone. 

Preparation of Material—Two separate lots of material were 
prepared for the atomic weight determinations. 

(1) Basic beryllium carbonate, prepared as before described 
from beryl, was carefully washed with ammonia-free water until 
absolutely free from sulphates and while still moist was treated 
with Kahlbaum’s acetylacetone, which was first redistilled. Carbon 
dioxide was slowly evolved and the insoluble beryllium acetyl- 
acetonate leit behind. This was pulverized and washed with pure 
water to remove excess of acetylacetone and was then dissolved 
in redistilled absolute alcohol and filtered to remove any un- 
changed carbonate. On partial evaporation, beryllium acetyl- 
acetonate was deposited. The clear plate-like crystals showed 
no color, but were again pulverized, washed with water, dissolved 
in absolute alcohol and recrystallized. This operation was re- 
peated for the third time and the mother-liquors each time re- 
jected. The crystals so produced were absolutely free from iron 
and not the slightest residue of aluminum chloride could be ob- 
tained by Havens’ method of separation.2, They were pulverized 
and dried for several hours in an air-bath. After drying they 
were introduced into a Jena glass retort, connected with a re- 
ceiver of the same material and were sublimed in a current of 
dry carbon dioxide many degrees below their boiling-point. The 
retort was heated evenly on a bath of rosin kept at 230° and the 
neck of the receiver was covered with a piece of silk bolting-cloth, 
which allowed only the carbon dioxide to pass. The perfectly 
white, light and feathery acetylacetonate was again introduced 
into the freshly prepared apparatus, melted and resublimed. The 
sublimed crystals were kept over phosphorus pentoxide until ready 
for use. 


1 Combes : Compt. Rend., 119, 1222. 
2 Zischr. anorg. Chem., 16, 15-18. 
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(2) Kahlbaum’s “Berylliumhydrat,” containing a small amount 
of iron and some aluminum hydroxide, was treated direct with 
acetylacetone. The reddish color of the iron salt became im- 
mediately apparent and the main part of the beryllium hydroxide 
was converted into the acetylacetonate. Some aluminum hy- 
droxide was also converted into aluminum acetylacetonate, al- 
though Urbain and Debierne’ state that the aluminum derivative 
is not easily prepared from the hydroxide. The acetylacetonate 
was dissolved in alcohol, filtered and crystallized, rejecting the 
mother-liquor which contained almost all of the small amount 
of iron and aluminum acetylacetonates. The deep red color of 
the iron salt is a very delicate test for the presence of iron, even 
the slightest traces in an otherwise apparently pure beryllium 
carbonate being made evident at once by the yellowish tinge of 
the acetylacetonate. The crystals, still slightly colored, were pul- 
verized and washed in water in which the iron salt is much more 
soluble and again crystallized from alcohol. This was repeated 
until crystals were obtained which yielded a clear colorless solu- 
tion in absolute alcohol. These crystals were recrystallized three 
times, as in preparation (1), were dried, sublimed and resublimed, 
as already described. No evidence of any impurity could be 
found. 

The Analysis—The analyses were carried out in platinum 
crucibles without any transfer of material. The crucibles had 
been ignited for several hours in an atmosphere of hydrochloric 
acid gas containing a small amount of chlorine, to remove iron, 
after which they were submerged in fused acid potassium sul- 
phate, cleaned and finally boiled in concentrated hydrochloric 
acid. Light, glass weighing-bottles were procured of a con- 
venient size to contain these crucibles and in each was placed a 
thin porcelain dish so that the crucibles could be enclosed in the 
weighing-bottles while still warm without danger of fracturing 
the glass. A platinum cone was weighed with each crucible. 
Before each weighing, the weighing-bottles and contents were 
placed in a desiccator over phosphorus pentoxide, the desiccator 
being so constructed that the bottles could be closed before re- 
moval and the air of the desiccator, which always contains some 
moisture after being opened, replaced by perfectly dry air before 

1 Compt. Rend., 129, 302-305. 
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the crucibles had cooled. The crucibles were placed in the desic- 
cator warm before each weighing, except the initial weighing of 
the acetylacetonate. 

Beryllium acetylacetonate is not hygroscopic, nor is the 
oxide, although Nilson and Pettersen? seem to have had a 
contrary experience. Still every precaution was taken to 
have the conditions of weighing as nearly identical as possible. 
As before stated, all weighings were made by the method of sub- 
stitution and against a tare treated in like manner and of the 
same material and shape and of but slightly greater mass than 
the weighing-bottles and contents against which it was balanced. 
‘the crucible forming a part of the tare was not blasted. 

Aiter standing for some hours in the desiccator, the weighing- 
bottles, containing the empty crucibles and cones, were closed, 
removed, placed in the balance case and after standing for one- 
nalf hour were weighed. The acetylacetonate was now placed 
in the crucibles and the whole returned to the desiccator and 
allowed to stand for at least twelve hours, when they were again 
closed, removed and weighed. Although subsequent weighings 
were always made, there was no further loss in weight. 

The crucibles were then taken from the weighing-bottles and 
redistilled pure nitric acid, leaving no residue on evaporation, 
was added. ‘The acetylacetonate dissolved to a perfectly colorless 
solution, which was diluted with twice its own volume of water, 
that had been redistilled through block-tin and caught in plat- 
inum. The crucibles and contents were then placed upon a small 
platinum dish in an air-bath at 50°. It was kept at this tem- 
perature for from twenty-four to forty-eight hours, a further 
addition of water being once made. During this heating the 
acetylacetone was almost completely evaporated. Any consider- 
able mise in temperature caused the nitric acid to attack the 
liberated acetylacetone, decomposing it with foaming, which in- 
variably ruined the determination. If the tenrperature was care- 
fully regulated, however, no trouble whatever was experienced. 
After the removal of the acetylacetone, the temperature was slowly 
raised during another forty-eight hours to 100°, which served 
to remove most of the remaining liquid, leaving a clear glucose- 
like nitrate already basic in character from loss of nitric an- 
hydride. 


. 


1 Ber. d. chem. Ges., 13, 1451. 
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Perforated platinum cones, previously weighed with the cru- 
cibles and of such size and shape that when inserted they fitted 
tightly in the crucibles above the nitrate, were now placed in an 
inverted position in the crucibles and the temperature again 
gradually raised during several hours to 175°. The use of the 
cones was thought advisable from noticing in a preliminary ex- 
periment that the last traces of water escaped through the viscous 
material in small bubbles and it was thought that possibly in 
breaking, a loss might occur through spurting. The inner surface 
of the cones showed no trace of this, however, when later re- 
moved. The heating to 175° left the nitrate as a slightly porous 
white solid which had already lost more than 75 per cent. of 
the nitric anhydride, equivalent to the beryllium present. The 
crucible was next supported in a Jannash beaker upon a platinum 
triangle and slowly heated over a Bunsen burner to decompose 
the last traces of nitrate, which was accomplished at a low heat 
and without any danger of loss of material. The crucible and 
contents were finally placed inside of a second platinum crucible, 
as recommended by Brauner,’ to prevent loss of weight of the 
crucible itself, as Beilstein? and Hall* have shown can so easily 
occur and the whole blasted at a bright red heat until the crucible 
and contents showed no further loss of weight. 

Corrections.—All weights are corrected to a vacuum standard 
and the weights of beryllium oxide are also corrected for occluded 
gases. 

Specific Gravity.—Unexpected difficulty was encountered in 
determining the specific gravity of the beryllium acetylacetonate 
as no liquid could be found in which it was insoluble. It was 
but very slightly soluble in water at 20° and it was found neces- 
sary to determine its specific gravity in an aqueous solution of 
itself at this temperature. This was not all that could be de- 
sired, but gave results which vary but little from the truth and 
introduce an error into the subsequent corrections of weight so 
small that it can be entirely disregarded. In determining the 
specific gravity of the water, saturated with beryllium acetyl- 
acetonate, the pycnometer was filled to a mark on its outer surface 
and evacuated for the same length of time as employed in the 


1 J. Chem. Soc., 81, 1249. 
2 Chem. Centrbl., 1880, p. 614. 
3’ This Journal, 22, 496. 
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actual determinations of the specific gravity of the solid. No 
acetylacetonate separated. The pycnometer was then filled as 
usual and its weight determined. The average of closely agreeing 
determinations gave sp. gr. Be(C;H,O,), = 1.168, compared to 
water at 4°. The determination of the specific gravity of beryl- 
lium oxide needs no special comment. Kriiss and Moraht ob- 
tained the value 2.9644.1_ My results gave sp. gr. BeO = 2.9640, 
compared to water at 4°. 

Occluded Gases.—Richards? has shown that oxides, derived 
from the ignition of nitrates, contain occluded nitrogen and gen- 
erally oxygen. Beryllium oxide is no exception to this rule, but 
the conditions of its formation by the very slow and gradual de- 
composition of the nitrate were peculiarly favorable to the re- 
moval of these gases. Gas was evolved on solution in strong 
sulphuric acid to the extent of 0.35 cc. for each gram of beryllium 
oxide, of which almost exactly one-third was soluble in alkaline 
pyrogallate. A correction was, therefore, made on the weights 
obtained of 0.00047 gram per gram of BeQ. 


Be(C;H;O2)s. Beo. Beo. Equivalent 

No. Grams. Gram. Per cent. BeO. 

Biocecanasanaas 2.62245 0.31798 12.125 25.142 
Aiviciciaisiereisis'e eees 3.28037 0.39757 12.119 25.129 
Zreeee stones +++ 2.08993 0.25286 12.099 25.081 
Avoca. o:siwiaraieie ciareias 2.41401 0.29233 12.109 25.105 
Se ceccececccees 1.61353 0.19554 12.118 25.127 
Gass ccstseerein am 1.39714 0. 16905 12.100 25.083 
y ee 1.85023 0.22419 12.117 25.122 





Mean, 25.113 
Analyses I, 2, 3, 4, and 5 were made on preparation I. 
Analyses 6 and 7 were made on preparation 2. 


The Properties and Analysis of Beryllium Basic Acetate. 


Properties.—This unique and interesting chemical compound 
appears to be peculiar to beryllium alone. It was discovered by 
Urbain and Lacombe in 1901,?and Lacombe,a year later,* produced 
the basic formate, propionate, butyrate, isobutyrate and isovale- 
rianate of the same type. The formate having the highest per- 
centage of beryllium would be excellent for determining the 


1 Ann. Chem. (Liebig), 262, 57. 
2 Am. Chem. J., 20, 702. 

3 Compt. Rend., 133, 874. 
°4 [bid., 134) 772. 
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relative proportion of that element, but unfortunately it sublimes 
at so high a temperature and consequently condenses so quickly 
that it is extremely difficult to purify, especially as it is quite 
easily decomposed, even under much reduced pressure, at the 
temperature required for its sublimation. The basic acetate, how- 
ever, has properties peculiarly fitting it for very complete purifica- 
tion and also contains nearly twice as great a percentage of 
beryllium as any substance heretofore used for the determination 
of the atomic weight. 

Basic beryllium acetate, Be,O(C.H,O.),, melts at 283°-284° 
and boils at 330°-331°,' and its readily sublimed without 
decomposition. It is itself almost insoluble in water, but 
is slowly hydrolyzed by cold water and quickly by hot, 
after which it dissolves. It is easily soluble, unchanged in 
absolute alcohol and in chloroform, and is soluble in all the sol- 
vents already mentioned for the acetylacetonate (p. 733). It is 
also soluble in acetic anhydride and glacial acetic acid. Although 
a basic compound, its solution in glacial acetic acid can be satu- 
rated with hydrochloric acid gas and remain unchanged. It has 
not been found possible to produce the normal salt. It is un- 
affected in dry air. Ordinary acids attack it setting free acetic 
acid, probably through the agency of water they contain. It is 
much more soluble in boiling glacial acetic acid than in cold and 
is most readily crystallized in this manner. On cooling, it sep- 
arates from boiling glacial acetic acid as small shining grains 
which, under a magnifying glass, are seen to be almost perfect 
octahedrons. 

Preparation of Material_—(1) Basic beryllium carbonate pre- 
pared, as already described, from ‘‘Kahlbaum’s hydrate” was 
dissolved in pure concentrated hydrochloric acid, ether added 
and the small amount of aluminum, which it still contained, was 
separated by Havens’ method. The pure chloride was pre- 
cipitated by ammonia, dissolved in ammonium carbonate, am- 
monium sulphide added, allowed to stand, filtered and boiled to 
precipitate the carbonate. The carbonate so produced was thor- 
oughly washed with carefully purified water and dissolved in 
excess of Kahlbaum’s ‘“Eisessig,” which had been redistilled and 
which left no residue on evaporation. The excess of glacial acetic 


1 Compt. Rend., 133, 874. 
2 Ztschr. anorg. Chem., 16, 15-18; Am. J. Sct., [4] 4, 111-114. 
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acid was boiled off, with constant stirring, by means of a Bunsen 
burner held in the hand under the porcelain evaporator, and the 
residue dried. A large excess of glacial acetic acid was now 
added and boiled. Solution immediately took place and, on cool- 
ing, the basic salt crystallized out in small shining octahedrons, 
which in the mass much resembled granulated sugar. The 
mother-liquor was rejected and the crystals washed with cold 
glacial acetic acid. They were again twice dissolved in hot, and 
recrystallized in cold glacial acetic acid, reiecting the mother- 
liquors and washing as before. The basic acetate so produced 
was dried at 150° to remove all excess of acid. It was then twice 
sublimed in Jena glass under a pressure of 250 mm. and in a 
current of dry air free from water and carbon dioxide. The sub- 
limation was brought about by means of a bath of cylinder oil 
maintained at a temperature varying little from 290°. The per- 
fectly white crystalline product so obtained was kept over phos- 
phorus pentoxide until wanted. 

(2) Another lot of the acetate was prepared in a manner differ- 
ing little from that already described, except that it was sublimed 
at normal pressure and the bath kept at 305°-310°. 

Analysis of the Basic Acetate.—The method used for the anal- 
ysis of the basic acetate was almost identical with that employed 
for the acetylacetonate. The initial temperature was 70°, how- 
ever, as the decomposing action of the nitric acid was no longer 
to be feared. At this temperature most of the acetic acid was 
removed, but to be sure that no acetate remained undecomposed, 
concentrated nitric acid was added twice more and the evapora- 
tion repeated. The basic acetate dissolved readily in nitric acid 
to a colorless nitrate. 

Corrections.—The specific gravity of the basic beryllium acetate 
was determined in gasoline in which liquid it is less soluble than 
in any other investigated. Unfortunately, it is slightly soluble in 
this liquid, 50 cc. dissolving 0.054 gram, and the gasoline was first 
saturated with the basic acetate before its own gravity was de- 
termined. Closely agreeing results vielded specific gravity 
Be,O(C.H,O,), = 1.362. Determinations of the gases, occluded 
by the oxide produced from the basic acetate, agreed with those 
from the acetylacetonate. In fact, the figure given is the average 
of several results on both. The variation of all results was from 
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0.32 to 0.39 cc. per gram of oxide. Occluded gases = 0.004 
per gram BeO. 
ANALYSES OF BASIC BERYLLIUM ACETATE. 


Be,O(C2H302)¢. BeO. BeO. Equivalent. 
No. Grams. Gram. Per cent. BeO. 
Hiciisie Weio Paice 1.89291 0.46788 24.717 25.139 
Decsevess peices 1.47931 0.36534 24.703 25.111 
Breet tt cece woes 1.09012 0.26911 24.686 25.097 
Arcee cccccccecs 1.35642 0.33493 24.692 25.105 
Sevce cvccsecees 1.56787 0.38715 24.693 25.106 
Beinceencseus=« 1.34465 0.33204 24.693 35-106 
WN eiate'ais/sieiee'sie1s 2.61484 0.64630 24.716 25.137 
Reresiesiacceinn sees 2.67721 0.66109 24.693 25.107 
Qe vcccereeecees 3-11534 0.76930 24.693 25.107 





Mean, 25.113 
Results 1 to 6 were obtained on preparation 1. 
Results 7 to 9 were obtained on preparation 2. 
ATOMIC WEIGHT OF BERYLLIUM. 
O = 16, H = 1.008, C = 12.01 





from acetylacetonate. from basic acetate. 
9.142 9-139 
9.129 g.1II 
9.081 9.097 
9.105 9.105 
9.127 g.106 
9.083 9.106 
9.122 9.137 
ao 5 Qg.107 
Mean, 9.113 +0.0059 9.107 


Mean, 9.113 +0.0033 
General mean, Be = 9.113 +0.0043 

Samples of the oxide produced from both the beryllium acetyl- 
acetonate and the basic acetate were dissolved in pure hydro- 
chloric acid and sent to Professor Charles C. Hutchins, of Bow- 
doin College, who kindly consented to examine them with the 
special spectroscopic facilities at his command. He reported that 
they were absolutely free from iron and aluminum, and that he 
was unable to find any other impurity. My acknowledgment and 
sincere thanks are due him for this part of the work. 

In connection with this investigation I have prepared a bibli- 
ography of beryllium, with abstracts, which I believe to be com- 
plete and which will shortly be published separately. 


NEW HAMPSHIRE COLLEGE, 
DURHAM, N. H. 





ACTION OF AMMONIU!1 CHLORIDE ON CERTAIN CHLO- 
RIDES: 
PARTI. ACTION ON METALLIC CHLORIDES. 


By PETER FIREMAN. 


Received May 17, 1904 

THE study of the action of ammonium chloride on phosphorus 
pentachloride, when the two bodies are heated together in a 
sealed tube, was fruitful in results, leading, as it did, to the dis- 
covery, by H. N. Stokes,’ of a whole series of polymeric chloro- 
nitrides of phosphorus, in addition to the one previously known. 
It is, therefore, rather strange to note that the allied study of the 
behavior of other chlorides when similarly treated with sal am- 
moniac has seemingly been entirely neglected. The present com- 
munication is the first contribution to a general research on the 
action of ammonium chloride on polychlorides, a problem with 
which I have been grappling, off and on, during the last four or 
five years. 

I. ACTION OF AMMONIUM CHLORIDE ON ANTIMONY PENTACHLO- 
RIDE. 

Antimony chloride being the nearest accessible analogue of 
phosphorus pentachloride, it was first taken up. The expectation 
was, judging by analogy, that antimony pentachloride and sal 
ammoniac might react as follows: 

SbCl, + NH,Cl = SbNCI, + 4HCl. 

Accordingly in the first experiments the two substances were 
digested in equimolecular proportions. On sealing them in tubes 
and heating, no change was observed until the temperature reached 
about 200° when the hquid began to diminish and the solid to 
increase in quantity. If the temperature is not allowed to rise 
above 200°-215°, the process of solidification may take thirty to 
forty hours, if 10 to 15 grams of antimonic chloride are digested 
with corresponding amounts of ammonium chloride. The total 
contents will become solid in ten to twelve hours at 230°-250°. 
The change of the physical state is not accompanied by evolutior 
of hydrogen chloride. Obviously we have here a case of forma- 
tion of a double salt. Under favorable conditions of digestion 
(250°-270°) this salt appears as a uniform, compact white mass 
(with a yellow tinge due probably to impurities), granular in 
structure. 

1 Am. Chem. /., 19, 782. 
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Not before the temperature reaches 350° are considerable 
quantities of hydrogen chloride given off and the evolution of 
gas soon slackens even at that temperature. Only between 350° 
and 400°, and preferably nearer to the latter, a comparatively 
rapid progress of the reaction can be insured. 

It was soon learned that the reaction did not take place in the 
sense indicated by the above equation; considerably less hydrogen 
chloride than required in accordance therewith, was evolved and 
in the reaction product much antimony trichloride was found. 
In the earlier experiments the digestion was stopped when the 
evolution of gas became very slo.v, and since the highest tempera- 
tures which could be attained with the furnace then used were 
below 350°, the reaction (in the light of subsequent experience) 
had not been brought to a finish. The consequence was that on 
distilling oft the antimonious chloride a_ residue contain- 
ing antimony, nitrogen and chlorine was obtained, a residue 
which, as found later, disappears if the digestion is carried on 
until the reaction is completed. As it was, the residue unneces- 
sarily complicated matters. And the difficulty was only over- 
come after an allied study of the action of phosphoniym iodide on 
antimony pentachloride’ had been completed by Ernestine Fire- 
man and the writer. In that case we found that the following 
reaction takes place: 

3SbCl, + 3PH,I = 2SbCl., + SbI, + 9HCI, + PH, + P.. 

It suggested itself that between antimony pentachloride and am- 
monium chloride, analogously, this reaction might take place: 
3SbCl, + 3NH,Cl = 38bCl,, + SHCI + NH,Cl-+ N.,. 

or simpler: 

3SbCl, + 2NH,Cl = 3SbCl, + SHCI + N,. 
New experiments at higher temperatures soon proved the reaction 
to proceed as represented by these equations. 

Of the numerous experiments, a somewhat detailed description 
will be given only of the last one, which was made with two tubes. 
One tube (I) received 13.1 grams (3 mols.) of antimony penta- 
chloride and 1.57 grams (2 mols.) of ammonium chloride, and 
another (II) 15.2 grams (1 mol.) of the former and 2.73 grams 
(1 mol.) of the latter body. On heating the sealed tubes from 

1 Am. Chem. /J., 30, 118. 
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ten to tweive hours at 380°-390°, tube I lost 1.63 grams and 
tube II 1.73 grams of gaseous products. The contents of the 
tubes became solid. Further digestion for from seventeen to 
eighteen hours at 380°-405° caused tube I to lose 1.37 grams 
and tube II 1.33 grams by escaping gases. The somewhat soft- 
ened solid mass of the tubes foamed up as the gases rushed out. 
After renewed heating for twenty-two hours at 380°-410° the 
losses of tubes I and II were 1.51 and 2.58 grams, respectively. 
The foaming in the latter tube was very violent, causing the 
throwing out of a slight amount of the solid product. Further 
digestion for forty hours at the same temperature occasioned only 
the losses 0.05 and 0.1 gram. The contents of the tubes were 
now a water-clear mass consisting of prismatic crystals with 
pyramidic base. 

The total loss of tube I was 4.56 grams instead of 4.69 grams, 
as calculated for hydrogen chloride and nitrogen according to 
the above equation; that of tube II, 5.65 instead of 5.44 grams. 
The excessive loss in the latter tube was due, as indicated above. 
to some of the product having been thrown out by the outrushing 
gases. It will perhaps not be superfluous to give the data of 
another experiment in which 15.5 grams (1 mol.) of antimonic 
chloride and 2.79 grams (1 mol.) of sal ammoniac were used. 
On heating until no more gases were evolved the total loss was 
5.49 grams instead of 5.55 grams (theory). 

The crystalline residue in the tubes was easily identified as 
antimonious chloride by its ready fusibility and by its boiling- 
point. The contents of tube I (without excess of ammonium 
chloride) distilled almost entirely at 218° (boiling-point of the 
trichloride of antimony) and that of tube II (with excess of 
ammonium chloride) passed over for the most part at 218°, but 
in part, towards the end, at up to 230°, leaving a small residue 
identified as sal ammoniac. 

To ascertain whether the gaseous product actually contains 
nitrogen as well as hydrochloric acid, the evolved gases were 
in one experiment collected and examined, the tube having been, 
after digestion, opened under water, after the procedure of 
Stadel.t. In that case the tube (of about 50 cc. capacity) with the 
reacting bodies was heated for some time and then cooled and 
opened as usual; these operations were repeated until about 3 

1 Ann. Chem, (Liebig), 195, 190. 
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grams of the gases escaped. After the most of the air had thus 
been swept out of the tube the latter was once more heated. On 
cooling, the tube was immersed in a 12-gallon jar filled with water. 
The tip of the tube pointing to the cylinder was then filed in under 
the water until the gas bubbles began to gently break through 
The discharge of the gases lasted more than ten minutes. The 
hydrochloric acid was absorbed by the water in the jar while in the 
cylinder collected 118 cc. (reduced to normal temperatureand pres- 
sure) of a gas not absorbed by water. The acid required 44 cc. 
of normal potash for neutralization, hence amounting to 1.6148 
grams, while the 116 cc. of nitrogen (allowing 2 cc. for admixed 
air) weighed 0.1457 gram. The ratio of 1.6148: 0.1457 is equal 
to 11.1, while the ratio of hydrochloric acid to nitrogen, according 
to the above equations, is 10.4. 

These figures, though very rough, accord well with the sense 
of the reaction in question. Thus the equation 

3SbCl, + 2NH,Cl = 38bCl, + 8HCI+ N, 

accurately represents the reaction between antimony pentachloride 
and ammenium chloride.* 

il. ACTION OF AMMONIUM CHLORIDE ON TIN TETRACHLORIDE. 

These two bodies apparently do not exert the slightest influence 
upon one another even when heated for several days at tempera- 
tures of 400° and upward. 
II. ACTION OF AMMONIUM CHLORIDE ON TITANIUM TETRACHLO- 

RIDE. 

Aiter heating the two substances for twenty hours at 260°-270° 
a greenish yellow solid began to appear. The formation of the 
new body proceeds very slowly. After digestion for sixty hours 
at 260°-270° and for twenty more hours at 360° there still re- 
mained some unchanged liquid which only entirely disappeared 
after further heating for eighteen hours at 400°-410°. During 
all the above and renewed heating at the highest temperatures 
attainable in the tube furnaces, scarcely any gaseous products were 
evolved. Obviously no other reaction takes place between 
titanium tetrachloride and sal ammoniac than the formation of 


a double salt. 


1 The subject of this section of the article was begun by the writer in cooperation with 
E. G. Portner, in 1899, at the Columbian University, Washington, D.C., but their joint 
work was soon discontinued, the former having left the institution before the nature of 
the reaction in question was cleared up. 
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Seeing that antimony pentachloride is completely reduced by 
ammonium chloride to a lower chloride while stannic and titanic 
chloride are not reduced in the slightest under the same condi- 
tions, it occurred to the writer that the reaction between antimonic 
chloride and sal ammoniac is not a direct reduction of the former 
by the latter, but primarily a decomposition of ammonium chlo- 
ride by the free chlorine due to the dissociation of antimony 
pentachloride. Stannic and titanic chlorides are not known to be 
dissociated even at higher temperatures and, therefore, remain 
unaltered when heated in the presence of ammonium chloride. 
If this conjecture is correct, then we should expect, e. g., ferric 
chloride and cupric chloride which dissociate at higher temper- 
atures, to be reduced by ammonium chloride and mercuric chlo- 
ride, which is not known to dissociate, to remain unchanged. The 
following experiments were undertaken to test these inferences. 


IV. ACTION OF AMMONIUM CHLORIDE ON FERRIC CHLORIDE. 


Ferric chloride does not, according to Victor Meyer and Gritn- 
baum,’ show anv signs of dissociation at 448°, the temper- 
ature of boiling sulphur, but breaks up appreciably as the temper- 
ature approaches 500°. It was interesting to find out whether the 
chlorine of ferric chloride will be available for the decomposition 
of ammonium chloride at the temperatures attainable in “bomb” 
furnaces. Expecting that the two bodies would react in accord- 
ance with the equation 


3FeCl, + NH,Cl = 3FeCl, + 4HCl + N, 


5 grams (3 mols.) of anhydrous sublimed ferric chloride and 
0.636 gram (1 mol.) of sal ammoniac were sealed up in a glass 
tube and digested. 


14 hours at about 400° caused the escape of 0.35 gram of gases. 


36 e “ce iad 420° ce “ec oe “e 0.55 “ce “ec “ec 
ge. !  * & ae = aS eS Ose, SS Se 
Bon SS EE i SS age | es ef as “awe | SS. eh ts 
go. Nes ES oe “¢ a “ote, 3% ie” 3 
AS ESS ae SS = ad “Vee, “8 SS 


During the digestion the original brown-black mass gave rise at 
the first stages to the formation (on cooling) of beautiful red hex- 
agonal plates, which gradually disappeared at the later stages, 

1 Ber. d. chem. Ges., 21, 687. 
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the contents of the tube becoming at the end greenish yellow, with 
a brown tinge in some places. The total loss in gaseous products 
was 1.8 grams, instead of 1.9 grams, which should have been lost 
in accordance with the above equation. 

Vv. ACTION OF AMMONIUM CHLORIDE ON CUPRIC CHLORIDE. 

Cupric chloride, we learn in chemical handbooks, decompose 
into cuprous chloride and chlorine at a red heat. Two experiments 
were made bringing together in one tube 5.9 grams of anhydrous 
cupric chloride and 2.357 grams of ammonium chloride according 
to the equation 

3CuCl, + 3NH,Cl = 3CuCl + 4HCl + N + 2NH,Cl, 
and in the other (using rather too small amounts of the reacting 
bodies ) 2.3 grams of cupric chloride and 0.305 gram of ammonium 
chloride according to the equation 
3CuCl, + NH,Cl = 3CuCl + 4HCl+ N. 

The rate of the progress of the reaction will be shown in the 
case of the former experiment. The heatings and losses were as 
follows ° 


Gram 

6 hours at about 400° .. ccc cccccecvcscesccvcsesces seccce 0.93 
QS EEF QOS coe ee cceccecccccncccs coccsevvccce 0.65 
me te SS. EE GOO? sc cececene ceccee voce rene cece voces 0.46 
BO SF EEE ATO ne ee cece cee e ee cece eeeeeeee teen cece 0.25 


The total loss in evolved gases was 2.29 grams instead of 2.33 
grams, calculated. In the other experiment 0.81 gram was lost 
in place of 0.91 gram. After the digestion was completed, the 
contents of the tube with excess of ammonium chloride was a 
crystalline mass, gray to brown-plack, while that in the other tube 
was blue-black with streaks of yellow and of a copper luster. 
VI. ACTION OF AMMONIUM CHLORIDE ON CORROSIVE SUBLIMATE. 
The two bodies in equimolecular proportions were heated for 
eighteen hours at 300° and then at once withdrawn from the fur- 
nace. The contents of the tube presented a homogeneous liquid, 
which on cooling solidified to beautiful interlacing strands of silky 
fibers. The tormation of this crystalline mass, as well as ad- 
ditional prolonged heating at the highest temperatures attainable 
in the “bomb” furnaces, did not cause the evolution of gases. 
Evidently the only reaction in this case is the formation of a double 
salt. 
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Thus the experiments with ferric chloride and cupric chloride 
fully corroborate, by positive results, and that with mercuric chlo- 
ride, by a negative result, the conjecture expressed above. We 
may consider, therefore, as well established the rule that only 
those metallic chlorides, which more or jess readily dissociate are 
reduced to a lower degree of chlorination when heated in a closed 
tube with ammonium chloride, the latter breaking up completely 
thereby with the setting free of nitrogen. 

In the chemical literature I find only one instance which has a 
direct bearing on the rule in question. H. Moissan’ prepared 
chromous chloride by heating chromic chloride in ammonium 
chloride vapor. Neither chromic nor chromous chloride being 
volatile below a red heat, it was not necessary to heat the reacting 
substances in a sealed tube, but chviously the reaction in this case 
has to be represented by the equation 

3CrCl, + NH,Cl = 3CrCl, + 4HCI+ N, 
and falls under the rule formulated above; chromic chloride is 
reduced by ammonium chloride because it dissociates. 

In closing, I may say that while studying the action of ammo- 
nium chloride on metallic chlorides, a subject which will continue 
to occupy me in the immediate future, | have been devoting con- 
siderably more attention to the more interesting study of the 
action of ammonium chloride on the chlorides of some non-metallic 
elements, z7s., of carbon, silicon and sulphur, and I hope to be able 
to publish the results soon. 


THE ACTION OF CHLORIC ACID ON METALS. 


By W. S. HENDRIXSON 
Received May 16, 1904. 

IN THE course of my work a year ago on “Silver as a Reducing 
Agent,” in which the action of finely divided silver on chloric, 
iodic and chromic acids was studied quantitatively, there was oc- 
casion to study the literature regarding the action of chloric and 
related acids on other metals. It soon appeared clear that the 
amount of infcrmation to be gained about the action of chloric 
acid, in particular, on the metals was very meager, and it appeared 


1 Ann. chim. phys. [5], 25, 401. 
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also that there were several errors, whose origin in most cases 
could not be traced, that had apparently come down from treatise 
to treatise to the present time. It seemed, therefore, desirable to 
attempt to make some contribution to the subject, and if possible 
to clear up some contradictions and doubtful points, and this 
seemed the more desirable since chloric acid is one of the few 
strong oxidizing acids, which can be obtained in the free state 
easily and in nearly pure condition, and which is fairly stable. 

So far as known to me scarcely any attempt has been made to 
study quantitatively the action of chloric acid on metals. It is a 
highly dissociated acid and it is also a strong oxidizing agent. As 
might be expected, its action on metals may take one or both of 
two courses. It may dissolve some metals with the liberation of 
hydrogen in about the same way as hydrochloric acid, and with 
very little oxidizing action; again, it may act purely as an oxi- 
dizing agent. The course depends upon the nature of the metal 
in any case and the concentration of the acid. Contrary to state- 
ments that have been made, I do not find any metal that dissolves 
in chloric acid without the reduction of at least a small portion of 
the acid. On the other hand, there are several metals that simply 
disappear in the acid and that rapidly and at ordinary tempera- 
ture, without the evolution of any gas whatever. Among these are 
cadmium, copper, and iron. 

Most of the chloric acid in the market is far from pure, and I 
have been able to obtain only one sample pure enough for use in 
this work. It was secured from Eimer & Amend, and it contained 
no sulphuric acid, barium, or free chlorine, and only a trace of 
hydrochloric acid. It was perfectly colorless and had a concentra- 
tion of almost exactly 2.5N. This acid was used in nearly all of 
the following experiments. In a sample secured later the only 
impurity found was hydrochloric acid. Its amount was deter- 
mined, and it was removed with a weighed amount of silver oxide. 

It was very desirable in some of these experiments to hasten 
the action of the acid by heat. Since it is stated in the literature 
that chloric acid in water solution decomposes into chlorine and 
perchloric acid, water, and oxygen, when heated above 40°, it was 
deemed necessary to test the stability of the 2.5N acid at higher 
temperatures and this was done in the following way: A volume 
of 30 cc. of the acid of 2.5N strength was placed in a tube so ar- 
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ranged that pure air from a gas cylinder could be passed through 
the acid and then by a suitable exit tube into a flask containing 
potassium iodide. The tube was placed in a beaker of water, 
which could be heated. While a slow current of air was passed 
through the acid the temperature was slowly raised to the boiling- 
point of the water in the beaker, and the boiling was maintained 
for half an hour. At about 95° the solution of potassium iodide 
began to show a trace of color, due to separated iodine. At the 
end of the experiment the free iodine was titrated with N/1o 
thiosulphate and required 0.2 cc., which corresponds to 0.6 mg. of 
chlorine. The strength of the acid then remaining in the tube was 
found to be 2.65N, and on testing with silver it gave apparently 
only the usual slight opalescence. It seems clear, therefore, that 
one may heat even the strongest, pure chloric acid that is likely to 
be found in the market to temperatures near the boiling-point of 
water without fear of essential decomposition. It seems prob- 
able that the statement that chloric acid decomposes when heated 
above 40° might be due to that fact that the author used impure 
acid, containing possibly hydrochloric acid which would decom- 
pose the chloric acid, or that the statement refers to an acid of 
about the maximum concentration. 

The methods of experiment were in general very simple. In 
some cases where no hydrogen was evolved, the flask or tube con- 
taining the weighed metal and measured acid was allowed to 
stand at room temperature. In cases where the solution was slow, 
the vessel was placed in water which was heated to 40° or 50°. 
The conditions are mentioned under the metals to which they 
apply. Save in two or three cases, no attempt was made to ex- 
clude the air for the two reasons, that at best the acid would contain 
some air, which could not with safety be expelled by heating, and 
that in two or three cases where the solution was carried on in 
an atmosphere of carbon dioxide the results were not noticeably 
different from those in the experiments carried out with the same 
metals in the presence of air. From time to time suitable means 
were applied to determine whether any chlorine was evolved or 
any hydrochloric acid was being lost. The tests were negative in 
every case save in one experiment in the solution of iron. By 
accident the temperature was allowed to reach 80° and some chlo- 
rine was evolved, and was detected by aspirating a current of air 
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through the acid and into a solution of potassium iodide and 
starch. To determine the amount of reduction in any experiment 
the solution was made up to a known volume and portions of it 
were titrated with N/2o silver solution after the method of Vol- 
hard, to determine the hydrochloric acid, from which the amount 
of chloric acid reduced could be calculated. 


ACTION OF CHLORIC ACID ON SODIUM AND POTASSIUM. 


No information as to the action of chloric acid on potassium is 
known to me in the literature. Tommasi tried the action of 
sodium amalgam on the acid and stated that the acid is not re- 
duced to the least extent. I have repeated the experiment of 
Tommasi,’ using about 2 per cent. sodium amalgam freshly pre- 
pared from carefully cleaned sodium and the usual redistilled mer- 
cury. The method of experiment in this instance was to add the 
amalgam slowly to a measured volume of chloric acid, while the 
solution was kept cool. When nearly all the acid was neutralized 
the solution was poured off and together with the washings was 
acidified with nitric acid and titrated in the usual way. <A blank 
experiment using water was made to test the freedom of the 
amalgam from traces of chlorine. 

(1) 25 cc. 2N HClO, treated with 1o grams sodium amalgam 
required 1.4 cc. N/2o silver solution, corresponding to 0.0025 
gram hydrochloric acid. 

(2) 25 cc. 2N HClO, treated with a large excess of sodium 
amalgam required 6.85 N/20 silver solution, corresponding to 
0.0125 gram hydrochloric acid. 

Similar results were obtained with potassium, and the reduc- 
tion was about twice that produced under similar conditions by 
sodium amalgam. 

(1) 25 cc. 2N HCIQO, treated with about 10 grams of potas- 
sium amalgam required 2.9 cc. N/20 silver solution, correspond- 
ing to 0.0053 gram hydrochloric acid. 

(2) 25 ec. N HClO, treated with 10 grams of potassium 
amalgam required 1.5 cc. N/20 silver solution, corresponding to 
0.0027 gram hydrochloric acid. 

From the results there seems to be no doubt that both sodium 
and potassium amalgam are capableof reducing chloricacid, though 
the amount of the reduction is very small. In using mercury and 


1 Instituto Lombardo [2], 10, 799. 











RETO TR 








SRR ate 


fea 


REN e 





Br 
i 
4 
oa 
a 





ACTION OF CHLORIC ACID ON METALS. 752 


al 


alkali metal there is the possibility that the reduction may be 
caused by the mercury. In the presence of such a strongly 
electropositive metal as sodium, however, this does not seem prob 
able. Moreover, on attempting to dissolve mercury in chloric acid 
it was found that after heating at 40° for four hours scarcely any 
reduction of the acid had taken place and the remaining mercury 
was collected, dried and weighed and corresponded within 4 mg. 
to the original amount taken. The smallest amount of hydro- 
chloric acid found above corresponds to about 0.04 gram of mer- 
cury. 

ACTION OF CHLORIC ACID ON MAGNESIUM. 


Magnesium in the form of the ordinary ribbon of commerce was 
used. It was cleaned with emery paper and dissolved in an excess 
of normal chloric acid, 50 cc. of the acid being used in each case. 

(1) 0.2918 gram of magnesium gave 0.0065 gram hydro- 
chloric acid. 

(2) 0.2170 gram of magnesium gave 0.0054 gram hydro- 
chloric acid. 

The results show in fact that about 1/20 of the magnesium 
was used in reducing the chloric acid. The remainder, of course, 
dissolved to form the chlorate with the evolution of approximately 
its equivalent of hydrogen. Since, as is well known, water con- 
taining salts in solution acts on magnesium with the evolution of 
hydrogen, it did not seem worth while to determine the amount 
of hydrogen produced in the solution of the metal. 


ACTION OF CHLORIC ACID ON ZINC. 


Concerning the action of chloric acid on zinc there are many 
statements in the literature and some contradictions. According 
to Gay-Lussac! and Berzelius* the acid dissolves zinc without de- 
composition and with the evolution of hydrogen; according to 
Vauquelin, Fordos and Gelis,’ with the formation of hydrochloric 
acid, but without the evolution of hydrogen; according to Gmelin,* 
with both the reduction of the acid and the evolution of hydrogen. 
Tommasi* states that in one experiment zinc reduced 14 per cent. 
of the acid present in one hundred hours, and that the acid was 


1 Gmelin’s ‘‘ Handbuch,”’ Vol. I, p. 370. 
2 J. Pharm.. 4, 346. 
> Instituto Lombardo [2], 10, 799. 
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completely reduced by an excess of zinc and sulphuric acid 
Though zinc has since been used as the reducing agent in the 
presence of sulphuric acid, in the determination of chlorates, 
there does not seem to be any record of later work on the action 
of the free acid and zinc, and none of any date with a view of 
determining quantitatively the nature of the reaction with refer- 
ence to the relative amount of zinc that reduces the acid to that 
which sets hydrogen free. 

In the following experiments and also in those with aluminum 
the reaction took place in a graduated tube filled nearly full of 
the acid. It was fitted with a delivery tube of small bore. The 
metal was supported above the acid upon a glass bulb, which 
could be lowered after the stopper was inserted, the objects being 
to prevent loss of hydrogen on the one hand and to place the 
metal near the middle of the mass of the acid, where the acid 
would have about its mean of concentration. The tube containing 
the acid was placed in a large beaker of water at room tempera- 
ture. The zinc used was the so-called “strictly chemically pure” 
zinc, obtained from Fimer & Amend. It dissolved without 
leaving a visible residue. Other samples of zinc were tried, but 
the results obtained did not differ materially from those here 
given. 

In experiments (1) and (2) 25 ce. of normal acid were used 
in each case. After the zinc was completely dissolved, the hy- 
drochloric acid, resulting from the reduction of the chloric acid, 
was titrated in the usual way, and the hydrogen was reduced to 
the volumes under normal conditions, as given below. The cal- 
culation of the zinc to the hydrochloric acid, as given in the last 
column, is, of course, based upon the assumption that 1 molecule 
of chloric acid oxidizes 3 atoms of zinc, or that when the acid 
is reduced at all, it is completely reduced to hydrochloric acid, 
and the whole series of experiments support this view. 


Zinc dissolved. H collected. HCl found. Zn to H. Zn to HCl. 
(1)---- 0.4882 52.3 0.0627 0.1540 0.3362 
(2)++++ 0.5412 65.3 0.0648 0.1921 0.3488 


In the following experiments, (3), (4) and (5), the conditions 
were the same, save that the acid used was 2N. 
3)er++ 0.7442 14.8 0.1302 0.0435 0.7006 
4)++++ 0.7050 20:3 0.1203 0.0626 0.6476 
5)eees 0.5532 12.4 0.0962 0.0365 0.5181 
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As may readily be seen, the amount of hydrogen set free is 
much smaller when the more concentrated acid is used and the 
amount of acid reduced is correspondingly greater. It is 
probably true that the temperature also has some influence, and 
this may account for the high hydrogen value in (4), which was 
done when the temperature of the room was unusually low. The 
effect of temperature will receive further attention. 

ACTION OF CHLORIC ACID ON ALUMINUM. 


k.xcepting the statement of Tommasi? that a solution of chloric 
acid, treated with aluminum, showed after six hours only a trace 
of hydrochloric acid, there seems to be nothing in the literature 
concerning the action of the acid on this metal. Aluminum slowly 
dissolves in cold dilute chloric acid, and whatever the concen- 
tration, hydrogen is given oft and the acid is reduced, as in the 
case of the action of the acid on zinc. 

For the following experiments the ordinary aluminum wire 
of commerce was used. An attempt was made to compare, as 
in the case of zinc, the action of the dilute acid on an excess of 
the metal with the action of an excess of the strong acid. In the 
former case, however, the metal dissolved as indicated by the 
loss of weight was always too small by about 5 per cent. to 
account for the hydrogen set free and the chloric acid reduced. 
Determinations of the actual amounts of metal in solution and 
in the residue showed that in very dilute acid the metal becomes 
coated with a layer of oxide, which accounts for the above- 
mentioned discrepancy. The ratio of the metal which replaced 
hydrogen to that which reduced the more dilute acid was found 
to be about I to 7, while in the experiments with the 2N acid below 
the ratio was about I to 5. 

In the following experiments the aluminum was completely 
dissolved in 2N acid, the hydrogen was collected and reduced to 
normal conditions and the hydrochloric acid was titrated in the 
usual way. 


Aldissolved. H collected. HCl found. Alto H. Al to HCl. 
(1)se++ 0.2435 47.8 0.1363 0.03876 0.2027 
(2).++- 0.2637 55-4 0.1486 0.04487 0.2210 


® . . - - 
In each experiment there was an insoluble residue of 0.7 mg. 
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ACTION OF CHLORIC ACID ON IRON. 


The treatises of Graham-Otto and Dammer quote, apparently 
from very old but undesignated work, that zinc and iron dissolve 
in chloric acid with the evolution of hydrogen. Schiff states, 
in his correspondence, that Pellagri found that iron reduces 
chlorates, and Tommasi* partially reduced copper chlorate with 
iron. There seem to be no other references to the action of iron 
or either free chloric acid or its salts. 

Contrary to the statements mentioned, iron dissolves readily 
in dilute or strong chloric acid without the evolution of hydrogen 
or any other gas. In the following the purest, soft iron wire, 
such as is used in standardizing permanganate, was used. Even 
with two or three pieces of this large wire the action was so 
vigorous that a considerable rise in temperature was occasioned 
when 2N acid was used. The solution took place in glass-stoppered 
bottles standing in cold water. In several instances a brown 
coating was observed to form, which scaled off and was soon 
dissolved in the excess of acid. The iron goes directly into the 
ferric condition, and in no instance, even while the solution was 
going on, could ferrous iron be detected by the usual tests. The 
solution has the usual brown color characteristic of ferric salts, 
but remains perfectly clear so long as the acid is in excess. With 
a large excess of iron, oxides and probably basic salts, are pre- 
cipitated. In one such case the amount of reduction of the 
chloric acid was found to be approximately 95 per cent. The 
very ready reduction of the acid by iron suggested to the writer 
a method for the determination of chloric acid and chlorates by 
reduction with iron in the presence of sulphuric acid and the 
titration of the hydrochloric acid formed. 

In the solution of iron, if anywhere, one might expect the 
oxygen of the air to exert an influence upon the relation of the 
metal dissolved to the amount of acid reduced. In experiment 
(4) the solution was carried out in an atmosphere of carbon 
dioxide. A distilling flask containing the acid was supported 
so that the neck in which the weighed iron was placed was in a 
nearly horizontal position. When the air had been completely 
expelled by carbon dioxide, the neck was raised so that the irpn 


1 Ber. d. chem. Ges., 8, 1356. 
2 Loc. cit. 
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fell into the acid. The results of this experiment do not indicate 
that the air has any appreciable influence. In the following ex- 
periments the iron in column (3) is, of course, calculated on the 
basis that it was all oxidized to the ferric condition. In all cases 
the amounts of iron thus calculated and added to the residues 
of carbon and silica, found in the respective experiments, are 
somewhat smaller than the corresponding amounts of iron 
weighed. I am not at present able to account for this small differ- 
ence, and the subject will receive further attention. In (1) of 
the following experiments 35 cc. of normal acid were used at 
40° and in the others 20 cc. of 2N acid were used in each case 
and the acid was kept at about room temperature. 


Iron weighed. HC! found. Iron calculated. Residue. 

(1)e+ eeeee 0.1609 0.0518 0.1592 0.0011 
(2)seeeeeee 0.2262 0.0699 0.2148 0.0046 
BNicsccie nie 0.3010 0.0949 0.2916 0.0006 
(4) eee cece 0.3220 0.1023 0.3143 0.0014 


ACTION OF CHLORIC ACID ON TIN. 


The tin used was so-called pure tin, obtained from Schuchardt, 
and the solution took place in glass-stoppered bottles at room 
temperature. In the first experiment 25 cc. of the 2N acid were 
used and the solution occupied about thirty minutes. In the 
second case 50 cc. of normal acid were used and the action occupied 
several hours. Contrary to what might be expected, very little 
tin oxide or stannic acid remained. In each case the residue, 
which did not increase on long standing, weighed 0.0022 gram. 
The solution remained clear for a long time, even after it had 
been diluted preparatory to titration. As in the case of iron, no 
hydrogen was set free, and the tin went at once into the stannic 
condition, as shown by appropriate tests. 

(1) 0.3084 gram of tin gave 0.0618 gram hydrochloric acid, 
corresponding to 0.3027 gram tin. 

(2) 0.3572 gram tin gave 0.0721 gram hydrochloric acid, cor- 


responding to 0.3531 gram tin. 
ACTION OF CHLORIC ACID ON COPPER. 


After the work on copper had been done, there came to my 
notice the communication of Brochet on the solvent action of 
chloric acid on copper, which appeared in Comptes Rendus, 
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January 25th of this vear.1 His paper came into my hands after 
the next paragraph had been written. While granting to Brochet 
the priority in several particulars, since he gave no analytical 
data, I deem it best to submit, for record, the paragraph as orig- 
inally written. 

The action of chloric acid on copper offers no peculiarities. It 
is just what one in view of the foregoing would expect. The 
copper simply disappears, and this gives rise to a clear blue solu- 
tion due to salts of copper. The copper used was in the form 
of bright wire gauze such as is commonly used in the combustion 
in organic analysis. The metal dissolves rapidly in 2N acid 
at 50°. 

(1) 0.2778 gram copper gave 0.0528 gram hydrochloric acid, 
corresponding to 0.2766 copper. 

(2) 0.5288 gram copper gave 0.1000 gram hydrochloric acid. 
corresponding to 0.5236 gram copper. 

ACTION OF CHLORIC ACID ON CADMIUM. 

The action of chloric acid on cadmium is in every way similar 
to its action on copper, it being one cf simple oxidation and the 
solutio of the oxide in the excess of acid, no gas being given off. 
Ordinary commercial cadmium was used. The acid was twice 
normal. In the first case the reaction went on at room tempera- 
ture and in the second at 50°. 

(1) 0.4732 gram cadmium gave 0.0520 gram hydrochloric acid, 
corre ponding to 0.4810 gram cadmium. 

(2) 0.4091 gram cadmium gave 0.0438 gram hydrochloric acid, 
corresponding to 0.4052 gram cadmium. 

The action of chloric acid on certain other metals has been 
studied to some extent. It acts with exceeding slowness on 
mercury and antimony, even when at full strength and at 70°, 
and no attempt was made to determine the quantitative relation- 
ship. Nickel dissolves readily and apparently in quite the same 
way as copper and cadmium. Bismuth is rather slowly oxidized 
and only a small portion of the product goes into solution. In 
one experiment 0.3693 gram of bismuth gave 0.0282 gram hydro- 
chloric acid, corresponding to 0.3624 gram bismuth. Finely 
divided arsenic readily dissolves in 2N HCIO,, forming arsenic 
acid, though, as Gooch and Blake? found, chloric acid in dilute 
solution is scarcely reduced by As,O,. 


1 See also Bull. Soc. Chim., 31, 287. 
2 Ztschr. anorg. Chem., 33, 104. 






Bao: aie 


Aye SRS ack” Se En 





ACTION OF CHLORIC ACID ON METALS. 757 


In a recent communication on silver as a reducing agent it 
was shown that silver reduces chloric and iodic acid directly to hy- 
drochloric and hydriodic acids, and according to the equation as 
there given for chloric acid. 

6Ag + 6HCIO, = 5sAgClO, + AgCl + 3H,O. 

The same general reaction has since been found to hold true 
in the case of bromic acid and silver. There was no evidence 
in any case of the formation of any intermediate product in the 
reduction of the acid, but in each case the reduction ransmoothly,as 
above represented. Omitting the matter of the evolution of hydro- 
gen, the same reaction holds true in general of the action of chloric 
acid on other metals. In no case when the temperature has been 
kept moderately low has there been evidence of the formation of 
a lower acid, an oxide of chlorine or free chlorine. Except in the 
case of iron, where the question of impurity is uncertain, the 
amount of metal dissolved has been accounted for by the amount 
of reduction of the acid, or the reduction and the hydrogen set 
free. It is possible that some irregularity in the reaction took 
place in the case of iron and in other instances, even though it 
was not detected. Since chloric acid is almost as highly disso- 
ciated as hydrochloric acid, it must be that a large portion of the 
hydrochloric acid formed by the reduction exists in the solution 
in the free condition, and it might be expected that the two acids 
would act upon each other according to some one of their known 
reactions. If such action occurs, its extent must evidently be 
quite small. 

There is yet a persistent tendency, as shown in chemical litera- 
ture, to regard the reduction of an acid in its action on a metal, 
as in the case of the action of hot sulphuric acid on copper, as 
due to the nascent hydrogen first set free. Thus. 


Cu + H,SO, = H, + CuSO,, 
H, + H,SO, = 2H,O + SO.. 


In the case of chloric acid, however, we have all varieties of re- 
action, from that of the action of the acid on sodium and potas- 
sium, where nearly the full equivalent of the hydrogen is set free 
and the reduction of the acid is extremely small, to that of the 
action of the same acid on iron, tin and copper, in which no 


1 Hendrixson: This Journal, 28, 637. 











758 W. R. LANG AND C. M. CARSON. 


hydrogen is set free and nearly, or quite, the full equivalent of 
the metal appears in the amount of reduced acid. It would 
seem, therefore, since the temperature is practically the same in 
all cases, as well as the concentration of the acid, that the re- 
duction cannot be accounted for on the basis of nascent hydrogen. 
In each case it seems to be rather a mere question of the tendency 
of the metal, under the conditions, to oxidize at the expense of 
the oxygen of the acid, or, to go into solution at the expense of 
the hydrogen which is set free. In the cases of iron, tin and 
bismuth it seems evident to the eye that oxides are first formed, 
and in all cases where reduction occurs the view is simplest and 
most nearly in accord with the facts, that the metal is oxidized 
and that the oxide dissolves in the excess of the acid or remains 
insoluble, as in the case of bismuth. 

Work is now in progress on the action of chloric acid on ar- 
senic and it will be extended to other metals. 


IOWA COLLEGE, GRINNELL, Iowa, 
May IT, 1904. 


SOME COMPOUNDS OF CHROMIC CHLORIDE WITH SUB- 
STITUTED A/SIMONIAS. 


By W. R. LANG ANDC. M. CARSON. 
Received April 18, 1904. 

Ir HAS already been shown that dry liquid ammonia forms 
with violet chromic chloride a pink powder which, when ex- 
tracted with water, gives crystalline compounds containing 12, 
10 and 8 molecules of ammonia respectively.1. In addition to 
this, compounds with methylamine were also obtained and de- 
scribed in a previous paper.” The authors have made a series 
of experiments with other substituted ammonias, the results of 
which are as follows: 

(1) Ethylamine, C,H,NH,, acts on the chloride with great 
energy at temperatures between 0° and 18°, producing a dark 
red powder. On extracting this compound with water and evap- 
orating carefully, red crystals are obtained which, on analysis, 
give: 


1 Lang and Carson : This Journal, April, 1904, pp. 414-417. 
2 Lang and Jolliffe: /d7d., p. 417. 
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Per cent 
CeO 50a Sx. < oa) ic oso we ate oe oe kw wees 12.97 
Clinics occa secapecuae cudelons seeeeee 26.38 
Ethylamine.... 6+ ccccce secs ccceccccccsce 55-90 
WE GIBE <sc0.c ca eCNs Coawartewd du caedeeieccmesen 4.75 


corresponding thus to the formula Cr,Cl,.10C,H,;.NH.2H,O. 
When the red powder is heated to 60° and again extracted with 
water, the solution yields crystals composed of 


Per cent. 
iis) Pere ME Gee YECULC CCRT TELE COC 14.53 
GC Hileie ites o2)6<'c oa bo Saree Sarc aca d ean denwees 29.85 
Ethylamine............. oe eecccccesceses 50.40 
WEE 6 vac cc cenns bhtneGbkes cetaeenacndeekan 5.22 


indicating the existence of the compound Cr,Cl,.8C,H,.NH,2H,O. 

(2) Dimethylamine and Diethylamine do not react with chromic 
chloride at any temperature between zero and their boiling-points 
If moisture be present, however, chromic hydroxide forms on 
standing for a few hours. 

(3) Trimethylamine and Triethylamine, like the secondary 
amines, have no effect on chromic chloride. 

(4) Ethylene Diamine reacts violently with the chloride at 
temperatures between zero and 18° with the evolution of a large 
amount of heat and the production of a dark red powder. This, 
when dissolved in water and evaporated in the air, yields dark 
red crystals having the composition: 


Per cent. 
CHPOMMUIs occ catacceac.cnceeweecnareceens 12.43 
CHIGHINGs odciiscccesnvenesesndaneyeseacsns 12.40 
Ethylene diamine ...... esse ccccccccceee 57-50 
WALBE 6cccse Sesccecesic ee eenee ot ecccoceses 4.67 


The formula of this substance is thus Cr,Cl,.8C,H,(NH.).. 
2H,O. 

(5) Aniline, Methylaniline, and Dimethylaniline do not have 
any action whatever on chromic chloride either at zero or at the 
boiling-points of the liquids, even when maintained in contact 
for a considerable time. 


CHEMICAL LABORATORY, 
UNIVERSITY OF TORONTO. 








ON THE USE OF BUNSEN BURNERS AND COPIBUSTION 
APPARATUS WITHOUT CITY GAS. 


By H. D. GIBss. 
Received May 2, 1904. 

DescripTION of an apparatus whereby Bunsen burners, either 
individually or in large numbers, as in the combustion furnace, 
are readily made available for use in laboratories devoid of gas 
of the proper kind and under the proper pressure. 

Finding it impossible to employ the ordinary combustion fur- 
nace when the only gas available was that manufactured from 
gasoline by two machines, one of 150 burners capacity, supplying 
the general chemical laboratories, the other of 75 burners ca- 
pacity, supplying the organic and agricultural chemical lab 
oratories, owing to the fact that not more than 4 burners in the 
combustion furnace could be lighted at one time, even though the 
machines appeared to be giving as good gas and under as great 
a pressure as is usual in generators of this character, I was forced 
to attempt the employment of some other easily manufactured 
gas, obtainable quickly and in large quantities, avoiding the neces- 
sity of large storage tanks and which could be burned in Bunsen 
burners. For this purpose gases derived from boiling gasoline, 
benzine, ligroin, kerosene, methy! alcohol, ethyl alcohol and mix- 
tures of waste solvents from the organic laboratory were em- 
ployed in different forms of apparatus with varying success. 

Most satisfactory results were obtained by boiling the liquid 
in a copper boiler of about 4 liters capacity (a gallon kerosene 
can was first employed, but was found to be of insufficient strength 
and durability) and passing the vapors directly into the Bunsen 
burners. 

Fig. 1 shows the apparatus as employed with the combustion 
furnace. The copper boiler A is fitted with a gas outlet tube 
leading directly into the gas tube of the combustion furnace, a 
manometer, D, and a gauge to show the height of the liquid. The 
alcohol lamps B supply heat for vaporizing the liquid and warm- 
ing the tubing and burners, thus avoiding condensation. The 
pinch-cock C is opened while air is being expelled and the tubing 
is warming. When the air is displaced, one or more of the 
Bunsen burners are opened, the pinch-cock is closed and the bur- 
ners lighted. 
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Gasoline boiling above 60° C., benzine above 80°, ligroin above 
100°, and kerosene above 140° produced a smoky flame, and all 
efforts to alleviate this difficulty by the introduction of more air 
were unavailing. Even in the blast-lamp a colorless flame could 
not be produced with the vapors of these liquids. Moreover, the 
use of low-boiling paraffins is accompanied by considerable dan- 
ger unless great care is exercised. It is believed, however, that 
the vapors of these liquids could be employed in specially con- 
structed burners having an extremely fine hole for the gas outlet 

Commercial grades of methyl and ethyl alcohol (95 per cent.) 
were found admirably adapted to the purpose. 

The vapor of either alcohol was capable of producing more 
heat than would perhaps ever be required in the combustion fur- 
nace. The size of the flames is very easily regulated and kept 
constant by the rate of ebullition of the alcohol in the boiler. 
The adjustment can be made to a nicety when a number of burn- 
ers are operated at the same time, and with a little practice even 
one burner can be used, but the size of its flame will vary rapidly 
as the pressure in the boiler varies. 

When the alcohol once reaches the boiling-point, but very little 
heat is required to produce all of the gas necessary for a 24- 
burner furnace and in no case did the pressure, shown by the 
mercury manometer, indicate over 10 mm. pressure. Usually 
the pressure was so small as to be hardly visible in the mercury 
column. Sufficient gas is readily obtainable from one generator 
for the running of several furnaces at the same time. 

The heat for vaporizing the alcohol and warming the tubing 
conducting the same to the point of ignition can be obtained from 
alcohol lamps, thus eliminating the necessity of any other form 
of gas machine. I have employed the apparatus in this way with 
very satisfactory results, but usually found it more convenient 
to use, as a source of heat for vaporizing the alcohol and warm- 
gas from the gas 


ing the tubing, the low-pressure gasoline 
machines. 

The apparatus was also found adaptable for use in isolated 
burners where no gas of any description is available. 

Fig. 2 shows the apparatus as emploved in this way. The 
copper boiler is fitted as in Fig. 1, the gas outlet tube leading 
directly to the Bunsen burners. The pinch-cock C is opened 
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while the air is being expelled from the tubing. When alcoholic 
vapors issue strongly, the pinch-cock is closed and the burners 
lighted. D is a mercury manometer, showing the pressure in 
the boiler. 
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Fig I 
bi No difficulty is experienced in adjusting the size and regularity 
Me of the flame produced if one burner in addition to the number 
Bi in actual use is kept lighted. By means of the screw pinch-cock 
i E,, controlling the flow of gas into this extra burner, the flames 


in actual use can be adjusted within narrow limits. Such a screw 
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pinch-cock may be employed for each burner. The sheet steel 
plate F, at the height of the laboratory table, is perforated at 
desired points with holes over which the Bunsen burners are 
placed in position to be readily warmed by small flames from 
the alcohol lamps B. 


The chief advantage of the apparatus for laboratories remote 
from city supplies of gas is: The almost immediate availability 
of an unlimited, cheap supply of gas, capable of producing any 
desired degree of heat in the combustion furnace or in isolated 
Bunsen burners. 


My students find no difficulty or danger in employing the ap- 
paratus for all work requiring the combustion furnace 


I have Mr. C. W. Beaver to thank for assistance in the pre- 
liminary experimentation. 


OREGON AGRICULTURAL COLLEGE, 
CORVALLIS, OREGON, 
April 11, 1904. 


FORIIS IN WHICH SULPHUR OCCURS IN COAL : THEIR 
CALORIFIC VALUES AND THEIR EFFECTS UPON 
THE ACCURACY OF THE HEATING POWERS, 
CALCULATED BY DULONG’S FORIIULA. 

(SECOND PAPER. ) 

By E. E. SOMERMEIER. 

Received April 5, 1904. 

OXIDATION OF PYRITES: PRODUCTS FORMED, THEIR CALORIFIC VAL- 
UES AND THEIR EFFECTS UPON THE HEATING VALUE OF COAL. 


Upon exposure to air and moisture the pyrites in coal grad- 
ually oxidizes, the main product of oxidation being ferrous sul- 
phate, together with smaller and variable amounts of free sul- 
phur, free sulphuric acid, ferric sulphate and sulphur dioxide. 


To obtain quantitative values for the products resulting from 
oxidation, tests were made upon a number of different samples 
of coal and pyrites. 
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The first tests were made upon an old sample of finely ground 
coal pyrites which had been kept around the laboratory for sev- 
eral years in a bottle closed with an ordinary cork. When opened, 
this sample gave off a strong odor of sulphur dioxide and even 
after the sample had been spread upon paper and exposed to air 
for some hours a slight odor of sulphur dioxide could still be 
detected. 

The tests upon the sample after this preliminary exposure to 
air and the results obtained are as follows: (a) Ten to twenty 
grams were mixed in a 500 cc. flask with 500 cc. of water, re- 
cently boiled and cooled. After standing five minutes, the liquid 
was thoroughly mixed and aliquot parts filtered off and tested 
for ferrous iron, total iron, sulphur dioxide, free acid and total 
sulphuric acid. (b) Ten grams were mixed with 500 cc. of water, 
recently boiled and cooled, and containing 5 cc. of concentrated 
hydrochloric acid. After five minutes, aliquot parts were filtered off 
and tested for ferrous iron, total iron,sulphur dioxide and total sul- 
phuric acid. (c) Ten grams were mixed with boiled and cooled 
water, containing 0.5 per cent. of sodium carbonate. After five min- 
utes an aliquot part was filtered off and tested for total sulphuric 
acid. (d) Ten grams were extracted with carben disulphide in a 
Soxhlet apparatus and the free sulphur extracted, oxidized with 
nitric acid and potassium chlorate and determined as barium sul- 
phate. 

One hundred cc. portions of the solutions from (a), (b) and 
(c) were tested for sulphur dioxide by addition of a standard 
solution of iodine, I cc. = 0.0005 gram of sulphur as SO,, the por- 
tion from (c) being acidified with hydrochloric acid before titra- 
tion. The amounts of iodine required to produce a blue color with 
starch varied from 0.1 to 0.3 cc. After allowing for a blank of 
0.1 cc., these amounts correspond to 0.0 to 0.2 cc. of iodine re- 
quired by the sulphur dioxide from the pyrites. These values, 
expressed in per cent., give 0.0 to 0.005 per cent. of sulphur as 
sulphur dioxide, which indicates that most of that present when 
the sample was first opened had escaped during the preliminary 
exposure to air before testing. 


The results from the other tests in per cent. are as follows: 
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I.9I 2.67 0.76 2.49 0.60 1.09 0.87 0.53 
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Average, 1.84 2.57 0.74 2.44 0.56 1.05 0.84 0.55 0.065 

The total soluble sulphates obtained by the three methods of 
treatment differ but little in amount, as is also true of the results 
obtained for ferrous and total iron by the different methods of 
treatment. The free sulphuric acid was determined by titration 
with standard ammonia, using methyl orange as an indicator. 
The average of the results obtained agrees closely with the average 
calculated amount of free sulphuric acid present, which amount 
is obtained by subtracting the sulphur present as ferrous and 
ferric sulphate from the total sulphur present as soluble SQ. 
The average of the results for total sulphur as soluble SO, is 
2.44 per cent. The average for the results for total iron is 2.57 
per cent. 2.57 per cent. of iron, if present as the result of oxi- 
dation of FeS., corresponds to 2.94 per cent. of sulphur in that 
form, or 0.50 per cent. more than the average of the results ob- 
tained for total sulphur as soluble SO,. Deducting from this 
amount the free sulphur present, 0.065 per cent. leaves 0.43 per 
cent. unaccounted for, or about 7/, of the total sulphur from 
the FeS, oxidized. 

A number of samples of coal high in pyrites were selected 
for a second series of tests. These samples, after having been 
crushed to finer than 1% mesh, had been kept in sealed Mason 
jars for about a year and a half. The tests were made in essen- 
tially the same way as those upon pyrites, except that larger 
amounts of coal, 15 to 45 grams, were taken. The averages of 
the results in per cent. for each sample are as follows: 
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S8icvivte, 0231 0.35 0.04 0.26 0.03 0.09 
48 --- 0.39 0.44 0.05 0.33 0.04 0.08 
50 --- 0.58 0.62 0.04 0.42 0.05 0.13 
60 --- 0.10 0.12 0,02 0.09 0.01 0.03 
48a -- 0.42 0.49 0.07 0.33 0.04 . 


Practically the only soluble sulphate present is ferrous sulphate, 
the small amounts of ferric iron found being partially accounted 
for by slight oxidation during the carrying on of the tests. The 
values for free sulphur, as given, are probably too high, as the 
residue obtained by the extraction of the coal with carbon disul- 
phide consisted of free sulphur plus a considerable amount of 
tarry matter. This free sulphur and tarry matter were oxidized by 
means of nitric acid and potassium chlorate, and the total sulphur 
present determined. Any combined sulphur present in the resi- 
due is, accordingly, included in the values given for free sulphur ; 
however, the total amounts of sulphur obtained are so small that 
the error is of little importance. The average of the results for 
total sulphur soluble as SO, is 0.28 per cent. The average for total 
soluble iron is 0.40 per cent. 0.40 per cent. of iron calculated as 
FeS, corresponds to 0.46 per cent. of sulphur, which is 0.18 per 
cent. more than the total soluble SO, obtained. Deducting from 
this amount the free sulphur present (0.08 per cent.) leaves 0.10 
per cent. unaccounted for, or '/, of the total sulphur in the FeS, 
oxidized. 

The results given under No. 48a were obtained on a portion of 
sample No. 48, which had been kept in an open sack. These re- 
sults agree very closely with the results obtained on the sample 
which had been kept in a Mason jar. This indicates that the keep- 
ing of the sample in a sealed jar has little effect upon the rate of 
oxidation. However, no definite conclusions can be drawn from 
this one test, as the original sample, 100 to 200 pounds, taken 
from the mine, had been kept for about a month before crushing 
and sampling, and a considerable portion of the oxidation may 
have occurred before the sample was put into the jar. 
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A third series of tests was made upon a fresh unoxidized sam- 
ple of coal pyrites which, after crushing to between 40 and 100 
mesh, was partially freed from admixed coal and slate by wash- 
ing with a solution of zinc chloride (sp. gr. 1.75). In a solution 
of this specific gravity the pyrites sinks while the free coal and 
lighter slaty material float and may either be removed by skim- 
ming or floated off by decantation. The pyrites, after washing 
with the zinc chloride solution, was thoroughly washed with 
water, then with alcohol and dried, after which it was very finely 
powdered. By analysis it contained 48.5 per cent. sulphur and 
43.1 per cent. iron, which indicates the sample to be over go per 
cent. pure FeS.,. 

To obtain quantitative values for the oxidation changes, 37 
grams of this sample, spread on watch-glasses, were placed under 
an 8-liter bell jar. To absorb any sulphur dioxide, resulting from 
the oxidation, a beaker containing a 5 per cent. solution of sodium 
carbonate was placed under the bell jar with the pyrites, the jar 
being lifted once a week to renew the supply of air. After two 
weeks the sample was examined with the following results: 
Increase in the weight of the sample, 2.64 grams, or 7.1 per cent. ; 
free sulphur, by extraction of 5 grams with carbon disulphide in 
a Soxhlet apparatus and oxidation of the residue with nitric acid 
and potassium chlorate, 0.34 per cent.; total sulphur as soluble 
sulphates and as free sulphuric acid, 0.87 per cent.; sulphur as 
free sulphuric acid, 0.05 per cent.; soluble ferrous iron, 1.35 per 
cent.; soluble ferric iron, none. The solution of sodium car- 
bonate, after oxidation with bromine water, was tested for sul- 
phate, but none was found, showing that no sulphur dioxide had 
had been given off during the oxidation. 

The 1.35 per cent. iron, calculated as FeS,, corresponds to 
1.54 per cent. sulphur, or 0.33 per cent. more than the sum of 
the soluble sulphates, the free sulphuric acid and the free sulphur 
found. 

The portion of the sample not required for the foregoing tests 
weighed 20.4 grams, which is equivalent to 19 grams of the orig- 
inal sample. This was replaced under the bell jar together with 
another solution of sodium carbonate and allowed to remain for 
another period of two weeks. When removed from the bell jar 
the sample weighed 21.4765 grams, or a gain over the weight 
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of the original sample of 13.03 per cent. The sample was then 
allowed to remain over night exposed to the rather dry air of a 
cool basement room. It then weighed 21.2360 grams or a 
loss of 1.28 per cent. of the original weight, the net increase in 
weight over the original sample being 11.75 per cent. Tests for 
the products of oxidation gave: Ferrous iron, 2.90 per cent.; 
total iron, 2.95 per cent.; total sulphur as soluble SO,, 1.88 per 
cent.; sulphur as free sulphuric acid, 0.09 per cent.; free sulphur, 
0.48 per cent. The solution of sodium carbonate, oxidized with 
bromine water and tested for sulphur, yielded 0.0035 gram of 
barium sulphate. A blank on the sodium carbonate showed no 
sulphur. This indicates the formation of a small amount of sul- 
phur dioxide, being, however, only 0.003 per cent. of the original 
sample. 2.95 per cent. iron, calculated to FeS., gives 3.37 per 
cent. sulphur, as against 1.88-+ 0.48, or 2.36 per cent. found, 
I per cent. of sulphur being unaccounted for.t The FeSQ,, 
7H.O + H,SO,Aq. present in the oxidized sample represents 
an increase in weight, due to water and oxygen, of about 10.5 per 
cent. The increase actually found is 11.75 per cent., which leaves 
about 1.25 per cent. to be accounted for by additional moisture 
or other causes. 

The calorific values of these oxidation products will now be 
considered. 

Calorific Value of Ferrous Sulphate.-—The products resulting 
from the decomposition of 2FeSO,.7H,O, by burning with coal 
in air, are Fe,O, + 2SO, + O + aqua, heat being absorbed dur- 
ing the reaction. ‘The heat of formation given by Thomsen? for 
FeSQO,.7H.O is 240,100 calories. Ledebur® gives 1,796 calories, 
the average of several authorities, as the calorific value of I gram 
of iron burned to Fe,O,, which, expressed in calories per gram- 
molecule, equals 201,200 calories as the heat of formation of Fe,O,. 
The heat of formation of SO, equals 71,000 calories. From 
these values the heat equation for the transformation of 


1 Destruction by fire of samples, apparatus and laboratory in which the writer was 
working necessitates a temporary discontinuance of further investigations for the pur- 
pose of locating this unaccounted-for sulphur. However, this does not greatly affect the 
general conclusions arrived at in this paper, as the foregoing results suffice to show that 
the products resulting from oxidation of pyrites are quite variable in their quantitative 
relations to each other. 

2 “Thermochemical Untersuchung.” 

3 “Kisenhiittenkunde,”’ 3rd edition. 

* All values for heat of formation, unless otherwise stated, are based upon values 
given in Ostwald’s ‘‘Grundriss der allgemeinen Chemie,” 3rd edition. 
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2FeSO,.7H,O into Fe,O, + 250, -+ O + aqua, is 2(240,100) = 
201,200 + 2(71,000) + .r, in which .v is the heat absorbed in the 
decomposition. .r = 137,000 calories. Reducing to a basis of 
I gram of sulphur gives 2,140 calories of heat absorbed, whereas 
in the form of pyrites burning to Fe,O, + 4SO, it has a calorific 
value of 2,915 calories.* 

Dulong’s formula for calculating the calorific value of fuel from 
the ultimate analysis is 8,o80C + 34,460(H — 1/80) + 2,250S. 

It follows that in ascribing to sulphur a value of 2,250 calories 
the formula gives results too high by 2,250-+ 2,140 or 4,390 
calories, for all sulphur present as ferrous sulphate, as such sul- 
phur represents heat absorption, not production. The error thus 
introduced is, however, partially corrected by another of opposite 
effect. The application of the formula considers ali of the oxygen 
in the coal as united with hydrogen and determines the available 
hydrogen on this assumption, but as part of the oxygen is united 
with sulphur, the value obtained for available hydrogen will be 
too small in the presence of sulphates, calculating the effect of 
I per cent. of sulphur as ferrous sulphate gives 1.25 per cent. 
oxygen as 2SO, + O, 1/8 of 1.25 per cent. is 0.156 per cent. The 
available hydrogen value is therefore too small by this amount. 
0.156 per cent. hydrogen represents a heat value of (0.00156 X 
34,460) or 54 calories. Comparing the foregoing results it ap- 
pears that where the sulphur occurs as ferrous sulphate the appli- 
cation of Dulong’s formula gives, for sulphur 44 calories too 
high, for hydrogen 54 calories too low, or a net result of 10 
calories too low for each per cent. of sulphur as ferrous sulphate. 

Calorific Value of Sulphur as Ferrous Sulphate in a Mahler 
Calorimeter.—Any difference between the products of the decom- 
position of ferrous sulphate in air and in a calorimeter affects the 
calorific result obtained by the difference in the value of the 
heats of formation of the resultant products. To determine the 
products formed in a calorimeter, a mixture of 0.8 gram of coal 
and 0.6 gram of ferrous sulphate was burned in a Mahler calo- 
rimeter. The gases from the combustion showed no sulphur di- 
oxide, and the resultant residue was strongly magnetic. This 
indicates the following reaction and the heat equation as occur- 
ring: 

3FeSO,.7H.O + oxygen = Fe,O, + 3S0,Aq. 


! This Journal, 26, 555. 
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3(240,100) = 264,800 + 3(142,500) X +. «4 = 28,000 calories, 
which, reduced to a value for 1 gram of sulphur, gives 290 calories 
as the heat absorption. As has already been stated, the reaction 
for decomposition of ferrous sulphate, when it occurs in connec- 
tion with the combustion of coal in air, is 2FeSO,.7H,O = 
Fe,O, + 2SO, + O-+ aqua, which corresponds to a heat ab- 
sorption of 2,140 calories per gram of sulphur, from which it ap- 
pears that the combustion of ferrous sulphate and coal in a Mahler 
calorimeter gives results higher than where the combustion occurs 
in air, by the difference between 2,140 and 290 or 1,850 calories. 
Therefore to obtain the calorific value of ferrous sulphate and coal 
burned in air, the calorimeter values obtained should be corrected 
by subtracting 18.5 calories for each 0.01 gram of sulphur present 
as ferrous sulphate. 

In the tabulated determinations of the calorific value of coals 
given in the latter portion of this paper, the nature of the occur- 
rence of the sulphur is not taken into consideration, but the forma- 
tion of sulphur trioxide in the calorimeter instead of sulphur 
dioxide is corrected for by corrections equivalent to subtracting 
22.3 calories for each per cent. of sulphur present in the coal. 
Where any of it occurs as ferrous sulphate, the correction is ac- 
cordingly too large by the difference between 22.3 and 18.5 or 3.8 
calories, a negligible error for the small amounts of sulphates 
usually found in coal.? 


1 The correction for formation of sulphuric acid during combustion in a calorimeter 
differs with different writers, some of whom do not appear to havea clear conception of 
the actual calorific effects. In the calorimeter work for the Ohio Geological Survey, car- 
ried on in the Metallurgical Laboratory of the Ohio State University, the following 
method for correction is used. The total acidity of the washings from the calorimeter is 
determined by titration with standard ammonia, using methyl orange as an indicator. 
The acidity is assumed to be due to nitric acid and a heat correction is made correspond- 
ing to the number of cubic centimeters of standard ammonia required in the neutraliza- 
tion. By assuming the total acidity to be due to nitric acid and making the heat correc- 
tion on this basis, any SO3;Aq formed during the combusticn is only partially corrected 
for, and it is necessary to make an additional correction of 13 calories for eacho.or gram 
of sulphur present. This may be shown as follows: The heat of formation of NsO;Aq 
is 1,058 calories. Hence the necessary correction for 0.01 gram of nitrogen to N,O3;Aq 
is 10.6 calories. The heat of formation of SO;4q is 142,500 calories. The heat of for- 
mation of SOx is 71,000 calories. Reduced to a basis of1 gram of sulphur the difference 
in heat of formation is 2,230 calories. The correction for each 0.01 gram of sulphur to 
SO3Aq instead of SOz is accordingly 22.3 calories. In the titration H2.SO, equals 2HNOs, 
32 parts of sulphur count as 28 parts of nitrogen, or “/o, of 0.01 gram of sulphur to SO;Aq 
instead of SOs, is corrected for by 10.6 calories, which foroor gram of sulphur is %5/,. of 
10.6 calories or 9.3 calories. Of the necessary correction, 22.3 calories for formation of 
SO,Aq, the correction considering the total acidity to be due to nitric acid, allows a cor- 
rection of only 9.3 calories. Therefore to secure a proper correction an additional correc- 
tion of 22 3—9.3 calories, or 13 calories‘is necessary for each 0.01 gram of sulphur present. 
The calorific values given later in this paper have all been corrected on this basis. 
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Calorific Values of Sulphur as Sulphuric Acid and as Ferric 
Sulphate-—The reaction and heat equation for the decomposition 
of sulphuric acid by combustion with coal in air are 


H,SO,Aq. = H.O + SO, 4- O + Ag. 


210,900 = 68,400 + 71,000 + .. «+ = 71,500 calories, 
which, reduced to 1 gram of sulphur, gives 2,230 calories of heat 
absorbed, as against 2,140 calories absorbed for 1 gram of sulphur 
as ferrous sulphate. 

In a Mahler calorimeter the sulphuric acid is unchanged and no 
heat is absorbed, as against 290 calories absorbed for 1 gram of 
sulphur as ferrous sulphate. 

The reaction affecting calculations by Dulong’s formula is 
H,SO,Aq. = H.0O + SO, + O+ Aq. For 1 per cent. of sul- 
phur the oxygen as SO, + O is 1.5 per cent.; 1/8 of 1.5 per cent. 
is 0.1875 per cent., the amount that the available hydrogen is low. 
This in calories is 0.001875 X 34,460 or 64.8. By Dulong’s formula 
the result for 1 per cent. of sulphur as H,SO, is for sulphur 44.8 | 
calories high, for hydrogen 64.8 calories low or a net result 20 
calories low as against 10 calories low for sulphur as ferrous sul- 
phate. 

The calorific value of sulphur as ferric sulphate does not differ 
greatly from that as ferrous sulphate. The heat absorption when 
burned with coal in air is about 2,100 calories per gram of sulphur. 
In a Mahler calorimeter the heat absorption is about 150 calories 
per gram of sulphur. The effects upon calculations by Dulong’s 
formula is to cause results too low by about 21 calories for each 
per cent. of sulphur. The small amount of ferric sulphate usually 
found in coal renders a more detailed explanation unnecessary. 
The amount of free sulphuric acid usually found in coal is also too 
small to have an important effect upon the calorific value, and for 
practical purposes all of the SO, present in coal may be consid- 
ered as occurring as ferrous sulphate and corrections made on 
that basis without materially affecting the accuracy of calorific 
results. 

e 1 Any — present in coal as gypsum, CaSO4.2H20, has an effect on the calorific 
pe cebetonng Agra arn gripe bong ooeemerknd gp atg po gol oy gy a 
calories per gram ofsulphur, but incomplete reduction to this form and the heat of com- 
bination of CaO with other constituents of the ash make the actual heat absorption con- 
siderably less than this. The heat absorption by the decomposition of ferrous sulphate 
when burned with coal is likewise modified by the heat of combination of any oxide of 


iron with other constituents ofthe ash. This effect is, however, neglected owing to the 
uncertainty as to the nature and extent of the reaction. 
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Reduction of Calorific Value of Coal by Oxidation of Pyrites.— 
The main product of the oxidation of pyrites is ferrous sulphate, 
the calorific value of which, when burned in air, is —2,140 
calories. It has already been shown that corrections involved in 
the application of Dulong’s formula and in the determination of 
the calorific value in a Mahler calorimeter give results very close 
to this actual value. In each case, however, the close agreement 
is a coincidence and not according to any law, but from a practical 
point of view the close agreement is the important fact. 

The negative value of 2,140 calories for sulphur as ferrous sul- 
phate, is not, however, the measure of its total influence on the 
calorific value of the coal. 

One per cent. of sulphur as FeSO,.7H.O represents a heat ab- 
sorption of only 21.4 calories, but 1 per cent. of sulphur so com- 
bined represents 8.7 per cent. of FeSO,.7H.O present. The exact 
reactions for oxidation of FeS., as has been shown, are uncertain 
and variable but for illustration we may consider the reaction for 
the oxidation of pyrites to be 


FeS, + water + oxygen = 


S as free sulphur or 
FeSO,.7H,O + + H,SO,Aq (remaining with coal) or 
SO, (escaping as such). 


For 2 per cent. of sulphur originally in the coal as FeS, there is 
now present: 
(a) 1 per cent. of sulphur as FeSO,.7H,O + 1 per cent. of 
free sulphur. 
(b) 1 per cent. of sulphur as FeSO,.7H,O + 1 percent. of 
S as H.SO,Aq. 
(c) 1 per cent. of sulphur as FeSO,.7H,.O + 0 per cent. of 
SO, (having escaped). 
Two per cent. of sulphur as pyrites has a calorific value of 58.3 
calories. 
(a) 1 per cent. of sulphur as FeSO,.7H,O + 1 per cent. of 
free sulphur has a calorific value of —21.6 calories +- 
22.2 calories = 0.6 calorie. 
(b) 1 per cent. of sulphur as FeSO,.7H,O +1 per cent. of 
sulphur as H,SO,Aq. has a calorific value of —21.6 
calories —22.3 calories = —43.9 calories. 
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(c) 1 per cent. of sulphur as FeSO,.7H,O + 0 per cent. of 
sulphur as SO, has a calorific value of —21.6 calories. 
From (a) the loss in calorific value is the difference between 
58.3 calories and 0.6 calorie or 57.7 calories. From (b) the loss 
is the difference between 58.3 calories and —43.9 calories or 
101.2 calories. From (c) the loss is the difference between 58.3 
calories and —21.6 calories or 79.9 calories. At the same time 
the weight of the original sample has increased by the difference 
between the weight of FeS, origially present and the weight 
of the oxidation products now present. In (a), where the prod- 
ucts are FeSO,.7H,O+ S this difference is 6 per cent. of the 
weight of the original sample. In (b), where the products are 
FeSQO,.7H.O + H,SO,Aq,., this difference is 11 per cent.t. In (c), 
where the product present in the coal is FeSO,.7H,O, this differ- 
ence is 5 per cent. 
To illustrate the effect upon the calorific value, let the calorific 
value of the original sample be considered to be 8,000 calories. 
The calorific value per unit of sample after oxidation is for: 


(a) — of (8,000 — 58) =7.493 calories. 
() — of (8,000 — 101) = 7,117 ‘' 


(c) a of (8,000 — 80) = 7,543 


A decrease in calorific value of 457 to 883 calories for each per 
cent. of sulphur present in the form of ferrous sulphate as an oxi- 
dation product from pyrites. Whatever be the particular reaction, 


1 The increase of 11 per cent. for FeSO4.7H2,O + HeSO4Aq is obtained by arbitrarily 
assuming H2SO,Aq to consist of equal parts ofacid and water. The amount of water that 
H.SQ, takes up is variable and the assumption of a definite amount taken up is merely to 
obtain a value for the increase in weight. The assumption of 100 per cent. is under or- 
dinary atmospheric conditions, probably not far from the amount taken up. A sample 
of concentrated sulphuric acid exposed on a watch-glass tothe air of a cool and rather 
dry basement room at the end of twenty hours had taken up 65 per cent. of its weight of 
water, at the end of forty-eight hours 87 percent. After forty-eight hours the amount of 
water retained by the acid varied from day to day, being dependent upon the humidity of 
theair. At the end of ninety-six hours the amount of water held by the acid was go per 
cent., at the end of three hundred hours 78 per cent., andat the end of five hundred hours 
85 per cent. The average amount for the twenty-one days that the experiment was carried 
on was about 85 percent. In damp weather the amount of water that is taken up by sul- 
phuric acid is much more than roo per cent., several hundred per cent. being a conserva- 
tive estimate. The increase in weight for reaction (5) on the assumption of 200 per cent. 
water taken up by H2SO, is 14 per cent.; with 300 per cent. water taken up the increase 
is 17 per cent. These values correspond respectively to a decrease in the calorific value 
of 1,079 and 1,249 calories. 
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these values all show an important loss in the calorific value of the 
coal. 

This loss in the calorific value and increase in weight of coal 
due to oxidation of pyrites is of both technical and commercial im- 
portance. For the analyst, it follows that samples of coal, con- 
taining considerable amounts of pyrites, should be analyzed as 
promptly as possible, if the results obtained are to be representa- 
tive of the unweathered coal. For the consumer, it means that by 
purchasing weathered coal, he is made to assume the burden of a 
double loss, namely, the receiving of fewer calories of heat and 
the paying for more tons of coal. 

The foregoing conclusions as to the effects of the oxidation of 
pyrites upon the calorific value of coal have been arrived at by 
considering the coal upon an air-dry basis, and without regard to 
effects due to other oxidation changes. Other oxidation changes 
and especially variations in the amount of moisture present may 
also have an important effect upon the calorific value. This is 
especially true of coals high in moisture and somewhat lignitic in 
character. <A coal containing 10 to 20 per cent. of moisture may 
lose a considerable portion of this moisture within a few days 
or weeks after being mined, especially in dry weather. On the 
other hand, in wet or rainy weather, coal containing considerable 
slack may take up and mechanically hold 10 to 15 per cent. of its 
weight of water. The importance of the moisture variations in 
coal is well known to analysts and precautions against moisture 
changes and losses do not require elaboration here. 

With coals high in both moisture and pyrites the problem as 
to when the consumer receives the best value for his money is 
complicated and somewhat indeterminate. The loss of moisture 
in a freshly mined coal, as already stated, is often very consider- 
able, the rate and amount of loss being greatest in dry weather; 
however, this moisture change rapidly becomes less and less and 
within a few weeks is probably !argely dependent upon variations 
in the temperature and humidity of the atmosphere. The oxida- 
tion of the pyrites, while gradual, is also infinenced by atmospheric 
conditions. The rate of oxidation of the pyrites is, however, 
largely dependent upon several other conditions: First, the way 
in which it occurs, whether in relatively large masses which afford 
but little surface for oxidation, or in small particles which, hav- 
ing a relatively large surface, favor rapid oxidation. Second 
whether it is scattered irregularly through the coal or whether it 
occurs largely along regular seams or partings; this latter con- 
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dition is particularly favorable to rapid oxidation, the effect of 
the oxidatiom of an exposed portion of pyrites being to open up 
the coal along the seam and thereby expose fresh pyrites to oxi- 
dizing influences. Third, the condition and nature of the coal with 
which the pyrites occurs. Coal which breaks up badly during 
mining and handling, exposes a greater per cent. of pyrites to 
xidizing infiuences, than coal which mines largely in blocks and 
lumps. The texture and porosity of the coal and the extent to 
which it protects included pyrites from atmospheric influences is 
also an important factor. 

Upon an unaltered sample of coal high in moisture and pyrites, 
the effects of the moisture changes and the oxidation of pyrites 
are, under ordinary conditions, during the first few days or weeks, 
a considerable decrease in weight due to loss in moisture, and a 
probably much smaller increase in weight, accompanied by a slight 
loss in calorific value due to oxidation of a portion of the pyrites. 
The net result is, in this case, an increase in calorific value per 
unit of coal. After the first few days or weeks the moisture 
changes are variable and the calorific value per unit of coal is 
increased or diminished according to whether moisture is given 
off or taken up, while the effect of the continual oxidation of 
the pyrites is to continually increase the weight of the coal and to 
lessen its calorific value. 

ORGANIC SULPHUR. 

Wormley! has shown that considerable sulphur occurs in Ohio 
coals in some other form than in combination with iron. In order 
to determine the amounts of this so-called organic sulphur, and 
to determine whether the sulphur in Ohio coals, not combined with 
iron, is actually organic or whether it occurs in combination with 
some other bases, analyses were made of the ash of six coals hav- 


ing the following composition: 


S os < z F: 

= ZS #82 z < & 2 = g be 

= S ic Bo @ = BI a = Z 

& 2 > x < D a) = Z fo) 

27 +++ +++ 5.05 39.75 47-43 7-77 4-80 68.07 5.37 1.18 12.81 
38--+- 5-32 40.93 47.45 6.30 4.22 69.29 5.50 1.24 13.45 
BR oss 63420 4.44 40.71 50.40 4.45 3.54 72.65 5.53 1-35 12.48 
EO sas 5:5 00's 4:72 40.30 49.51 5.47 4.05 71.08 5.53 1.32 12.55 
69---+ 00 3.18 43.56 46.33 6.93 4.12 71.13 5.50 1.28 11.04 
38a eae may “en 2:35. 2.72 ae a ae ete 


1 Report of the Ohio Geological Survey, 187c, p. 412. 
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No. 38a was obtained by taking 100 grams of No. 38 and sepa- 
rating it by sifting into two portions: 57 grams between 20 and 
40 mesh, and 43 grams finer than 40 mesh. The 57-gram portion 
was then washed on a CaCl, solution (sp. gr. 1.35) and yielded 
45 grams of coal and 12 grams of slate and pyrites. Sample 38a 
is the 45 grams of washed coal. 


The iron in the coal and the distribution of the sulphur are as 








follows: 
as] v = 4 a3 
a 3 o seo 
a L 2 , o on gs 
o) = 2 ue has aun 
es Ro = 2 3 o S345 
> = es 2. 2 & 4 F22R 
fs 2 gee = x = uf teay 
2 = ay = a Eee 
D = = = <a D D 
7 POET 2.80 0.44 4.So 0.30 0.08 2.70 172 
38. eee eeeeeee 1.90 0.35 4.22 0.26 0.09 EY 2.10 
4B. coerce eee 1.93 0.44 3-54 0.33 0.08 1.70 1.43 
5Oveeeeeeeeee 227 0.62 4.05 0.42 0.13 1.89 1.61 
6Q-++2-eeeees 1.70 0.12 “32 0.0 0.0 1.81 2-1 
9 7 4 9 
38Q-seeeee++- 0.62 oes 252 0.71 2.01 


In obtaining the values given for sulphur as pyrites, the iron 
present as ferrous and ferric sulphate, was subtracted from the 
total iron and the remainder calculated to FeS,. If any of the 
iron occurs in other forms, the values for sulphur as pyrites 
are accordingly too high. The differences between the total sul- 
phur and that present as free sulphur, as sulphate and as pyrites, 
are given in the last column. If the values for sulphur as pvrites 
are too high, these values are correspondingly too low. The errors 
are, however, probably quite small. 


The sulphur in No. 38a, 2.01 per cent. not there in combination 
with iron, shows that sulphur present in the sample in other forms 
than as pyrites or as soluble sulphate, can not be removed by wash- 
ing, indicating either fine dissemination or existence in a com- 
pound having a specific gravity corresponding closely to that of 
the coal. 

That no considerable quantities of sulphides or sulphates of the 
heavy metals or alkaline earths can be present in the coal is shown 
by inspection of the ashes, which have the following composition : 
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residue 


a. ae : 
. & b 2 é 
= ox = == ra . - 
= ~ ¢ BE : g. S & z 
E = z = = = § 2 a 
ry aay Pe ky 1.85 0.06 4.00 1.36 0.12 0.06 0.32 
38-.-- 6.30 1.68 0.07 reg 1.50 0.12 0.05 0.57 
48-++ 4.45 0.62 0.04 2.76 o 69 0.13 0.05 0.16 
50-++ 5.47 0.78 0.05 3.24 0.77 0.12 0.06 0.45 
69--- 6.93 2.03 0.07 2.43 1.65 0.32 0.06 0.37 
38a - 2.85 0.82 0.00 0.89 0.81 0.18 0.03 0.12 


The only mineral compounds of sulphur and alumina, insoluble 
in water which probably may be present in coal, are those repre- 
sented by alunite, K,O.3A1,0,.4SO0,6H,O. Two per cent. of 
sulphur as alunite would, however, require the presence of 1.5 
per cent. potassium oxide and § per cent. ot aluminum trioxide. 
If the column of results markea “difference” be considered as all 
potassium oxide, inspection of the values for aluminum trioxide 
and potassium oxide shows that in none of the samples can much 
of the sulphur exist as alunite. That it does exist in combination 
with carbon or with carbon and hydrogen, seems by process of 
excluding its existence in other forms to be conclusively shown. 

The best known sulphur carbon compound, carbon disulphide, 
is endothermic and it seems probable that the sulphur carbon 
compounds present in coal may also have a higher calorific value 
than that of the elementary constituents. Carbon disulphide has 
a heat of formation of —28,700 calories. Reducing to a basis of 
I gram of sulphur its calorific value when burned is 448 calories 
greater than the combustion of equivalent amounts of free carbon 
and sulphur or 4.5 calories for each per cent. of sulphur. The 
nature of the combination of carbon and sulphur in coal has not 
been determined and that it is endothermic is merely assumed as 
probable, and not based upon any experimental tests. 

The amount of organic sulphur occurring in Ohio coals makes 
the question of its probable endothermic combination of some im- 
portance and the writer hopes to be able some time to conduct 
some experimental investigations along this line. 

Conclusions, Summary of the Effects of the Application of 
Dulong’s Formula for Sulphur in Different Forms.— 

(1) For sulphur present as ferrous sulphate, it gives results 
too low by 10 calories for each per cent. of sulphur so combined. 
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(2) For sulphur as pyrites it gives, on uncorrected ultimate 
analyses, results too high by about 9.6 calories for each per cent. 
of sulphur present as pyrites. On corrected ultimates' the re- 
sults are too low by 6.6 calories. 

(3) For sulphur as organic sulphur it gives results probably too 
low by about 4.5 calories for each per cent. of sulphur existing in 
this form. 

The results for sulphur by Dulong’s formula on the average of 
the five samples of coal are for: 


Per cent. Uncorrected ultimate. Corrected ultimate. 
Sulphate ........-. 0.32 3 calories low. 3 calories low. 
Pyrites ......seeee8 1.97 19 “high, 13 “ “ 
Organic sulphur --- 1.79 8 ‘© low. 8 * ‘s 


Free sulphur..-.-.- 0.08 


“cc “se 


Total sulphur...... 4.16 8 as high. 24 

For these particular samples the results are, from the uncor- 
rected ultimate, 2 calories high for each per cent. of sulphur pres- 
ent, and from the correctel ultimate, 6 calories low for 
each per cent. of sulphur present, from which it appears that 
Dulong’s formula unmodified for suiphur applied to an uncor- 
rected ultimate gives, in so far as it relates to sulphur, very satis- 
factory results. 
SOME CALORIFIC VALUES OBTAINED BY APPLYING DULONG’S FOR- 

MULA. 

To show the degree of accuracy obtainable by Dulong’s formula, 
by permission of the Ohio Geological Survey, the average compo- 
sition and calorific value of eighty-nine samples of Ohio coals are 


given as follows :? 


COMPOSITION. 

g Es = § 

a ; os = a 7 

S. @ wc i e v , = 3 

“3 3 =& Ss = Ey = & Fy 

63 53 =3 # 7 = v ‘a s a> 

a USS x < % x 5 Z 6 
Limestone coal 17 5.33 39.07 44.95 10.76 4.33 5.30 65.04 1.25 13.32 
No. 5 coal .--. 3 6.21 37.34 48.10 8.35 4.03 5.37 67.07 I.2I 13.97 
No. 6 coal .--- 57 5.46 38.30 48.90 7.34 3.38 5.43 68.96 1.26 13.63 
No. 7coal...-- 4 5.28 39.81 47.13 7.78 3.80 5.47 68.38 1.25 13.32 
Waterloo coal. 8 7.97 32.23 49.48 10.31 1.62 5.18 65.32 1.28 16.29 


1 Corrected ultimate analysis refers to correction for oxygen in the ash. See this 


Journal, 26, 567 
2 For complete analyses and description of the samples see Report of the Ohio Geo” 


logical Survey, 1904, now in press. 
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CALORIFIC VALUES. 








ina 











g ae 25 ue 

Ey ze e2ige 

Gs oo = ~s 

oe Sg5 giies 

Zz a 57 ee 

Calories. Calories. Calories. 
Limestone coal ..... 17 6640 6609 6648 
No. 5 coal....-.---- 3 6820 758 798 
No. 6 coal.......... 57 6970 6931 6971 
No. 7 coal....+. +... 4 6968 6919 6959 
Waterloo coal ...... 8 6504 6398 6437 
Average...... o250.00 64:00 6780 6723 6763 


Dulong’s formula gives results lower than the value as deter- 
mined in the Mahler calorimeter, especially on the samples high- 
est in moisture and oxygen, the Waterloo coal. By substituting 
Berthollet’s value for amorphous carbon 8,140, the application of 
the formula gives a very close agreement with the calorimeter 
results on all of the samples except the Waterloo coal, the aver- 
age of the results on this being still 1 per cent. low. On the No. 
6 coal, which represents the average of 57 samples, the agreement 
of the calculated and determined value is almost perfect, the value 
being 6,970 calories as determined and 6,971 calories as calculated. 

For some of the Ohio coals, at least, this modification of Du- 
long’s formula gives a calculated calorific value agreeing very 
closely with the value actually determined, the average difference 
being within the limits of error of the individual determinations. 

The writer again wishes to acknowledge his indebtedness to 
Professor N. W. Lord for valuable advice and suggestions. 
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Tue work herein described was undertaken with the object of 
finding a shorter and more satisfactory method for the deter- 
mination of thorium in monazite sands. 


1 Read at the meeting of the New York Section of the American Chemical Society, 
May 6, 1904. 
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The requirements of such a method are first, an accurate sepa- 
ration of thorium from cerium, lanthanum and didymium; second, 
rapidity and ease of manipulation; third, an inexpensive reagent 
and one which does not involve the use of alcohol. 

It is believed that the method described meets these conditions. 

As the analytical methods have been so recently reviewed by 
Metzger,1 and a bibliography to the entire literature of thorium 
recently published by Jotiet, Smithsonian Miscellaneous Collec- 
tions, No. 1374, the usual historical review of the literature per- 
taining to the subject is omitted. 

PREPARATION OF PURE THORIUM NITRATE. 

The pure thorium nitrate was made by dissolving 200 grams of 
chemically pure thorium nitrate, containing a small per cent. of 
cerium, in water in thirteen beakers each holding about 1,000 cc. 
To each beaker 150 cc. of hydrogen peroxide (Marchand’s 
medicinal, containing about 4 per cent. hydrogen dioxide) was 
added (10 ce. for every 0.5 gram thorium oxide). The solutions 
were heated to 85° C. and allowed to settle. The precipitates 
were washed by decantation, and at the end of the sixth decanta- 
tion the filtrate gave no test whatever for cerium on the addition 
of ammonia. The precipitates were transferred to a large 
Buchner funnel and the washing continued, stirring the precipi- 
tate with a spatula. The precipitate was transferred to a large 
evaporating dish, and 250 cc. of concentrated nitric acid added, 
which readily dissolved the precipitate when a little heat was ap- 
plied. The solution was evaporated to dryness, taken up with 
water, diluted and divided among the thirteen beakers so that each 
contained about a liter, and the thorium reprecipitated as before. 
The precipitate was dissolved in nitric acid and evaporated to dry- 
ness, and dried in the air-bath for three days at 115° C. This 
gave thorium nitrate of the highest purity, containing no free 
nitric acid. 

Sixty grams of this thorium nitrate were dissolved in 7 liters 
of water, well shaken and divided among several well-stoppered 
bottles. 

STANDARDIZING THE THORIUM SOLUTION. 

A very accurately standardized burette was used to measure 

out the thorium nitrate solution; it was connected to the bottle by 


1 This Journal, 24, 901 (1992) 
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glass tubing so as to facilitate filling without any chance of change 
due to evaporation or contamination. 

Different amounts of thorium solution were run into a number 
of small beakers and heated to boiling, and a boiling solution of 
oxalic acid’ was added, a little at a time with constant stirring. 
After cooling, the precipitate was filtered and washed with water. 
If precipitated from cold solutions, the precipitate runs through the 
paper, but from hot solutions no trouble in filtering is encountered. 
The paper containing the thorium oxalate was placed in a weighed 
platinum crucible, gently heated with a Bunsen burner until dry 
and the paper charred, then the heat was increased and the oxa- 
late changed to oxide; it was next heated by a blast-lamp for 
fifteen minutes, cooled and weighed. 

The following table gives the results: 


Th(NOs)4. (COOH)s. Weight ThO.. ThOs in 1 ce. 

ces cc. Gram. Gram. 

25 20 0.1128 ° 0.004512 
25 20 0.1128 0.004512 
50 40 0.2256 0.004512 
50 40 0.2255 0.004510 
50 40 0.2255 0.004510 
50 40 0.2255 0.004510 


PRECIPITANTS TRIED. 


Many organic precipitants were tried, mostly weak organic 
acids, in the hope of finding one that would give a sharp separation, 
and a precipitate which would filter quickly without the use of 
alcohol. 

The results are briefly as follows: 

Gallic acid precipitates thorium quantitatively from a hot alco- 
holic solution as a flocculent slimy precipitate. Salts of cerium, 
lanthanum and didymium are not precipitated. 

Tannic acid precipitates thorium quantitatively, but cerium, 
lanthanum and didymium are not precipitated. 

Citric acid precipitates all from an acetone solution. 

Salicylic acid precipitates thorium. The precipitate is soluble 
in excess of the reagent. 

Oleic acid in a strong alcoholic solution precipitates thorium 
and cerium. The cerium precipitate is soluble in excess, the 
thorium insoluble. 


1 Saturated in the cold. 
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Linoleic acid precipitates all, if insufficient alcohol is present, 
but with sufficient alcohol the cerium, lanthanum and didymium 
readily dissolve: the thorium is apparently insoluble. 

Paratoluic acid gave a precipitate of thorium but none with 
cerium, lanthanum and didymium. 

Oxyisophthalic acid gave a white, curdy precipitate of thorium 
in an aqueous solution, almost quantitative ; the other three earths 
gave no precipitate. 

Benzoic acid precipitated thorium quantitatively from aqueous 
solution ; the cerium, lanthanum and didvmium were not precipi- 
tated. This method gives trouble on account of the very slight 
solubility of benzoic acid in water. 

The three nitrobenzoic acids gave white precipitates with a 
neutral solution of thorium nitrate, while cerium, lanthanum and 
didymium gave no precipitate. The meta acid, which is the 
most soluble in water, precipitated the thorium quantitatively. 
This acid is the principal product of the nitration of benzoic acid, 
the yield being about 75 per cent.; but as the ortho and para acids 
as well as benzoic acid act similarly, it is not necessary to use pure 
metanitrobenzoic acid and the reagent is one readily obtained. 

Potassium iodate precipitates all four as heavy white precipi- 
tates. 

Ammonium vanadate precipitates thorium, lanthanum and di- 
dymium as canary-vellow precipitates; the cerium precipitate has 
an orange color. : 

Lead acetate in a solution acid with nitric acid produces a 
white precipitate with thorium, which increases when heated but 
is incomplete. Cerium, lanthanum and didymium are not pre- 
cipitated. 

Arsenious oxide cream precipitates all four quantitatively in a 
solution containing sodium acetate. 

Sodium tungstate precipitates all four as white precipitates. 
QUANTITATIVE PRECIPITATION OF THORIUM BY METANITROBENZOIC 

ACID. 


The solution of the precipitant is made by dissolving from 3.5 
to 4 grams of the acid in a liter of hot water (about 80° C.). 
When all is in solution, it is allowed to stand over night when a 
slight amount will separate out as feathery crystals. The solution 
is filtered to free it from any crystals and foreign matter. 
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Thorium nitrate solution was run into a 300 cc. beaker and a 
solution of the precipitant added very slowly with constant stir- 
ring; about 150 cc. gave a liberal excess for 25 cc. of thorium 
solution equivalent to 0.1128 gram of thorium oxide. This pro- 
duces a heavy white precipitate which soon collects on standing, 
more rapidly on heating. The beaker was heated on the water- 
bath to a temperature between 60° and 80° C. for fifteen minutes. 
The opalescence disappears and the bulky precipitate settles to 
the bottom in large flocks, having much the appearance of silver 
chloride. The solution can either be filtered hot or allowed to 
cool. The precipitate is washed first by decantation and fina!ly 
on the filter-paper with a 5 per cent. solution of the precipitant. 
The precipitate and paper are not dried, for reasons given later, 
but placed moist in a weighed platinum crucible and carefully 
heated with the cover off, then, after the paper and volatile matter 
are driven off, heated with the full flame of a Bunsen burner 
until white, then covered and ignited for fifteen minutes with the 
blast-lamp, cooled, and the thorium oxide weighed. 

The following table shows that thorium is quantitatively pre- 
cipitated from a nevtral solution of the nitrate by metanitro- 
benzoic acid: 


Th( NOs). Precipitant. ThOs found. ThO, taken. Error. 
ce. ee: Gram. Gram. Gram. 
50 300 0.2256 0.2256 +-0,0000 
25 150 0.1132 0.1128 +0.0004 
36 150 0, 1630 0.1625 +0.0005 


SEPARATION OF THORIUM FROM CERIUM, LANTHANUM AND 
DIDYMIUM. 

The next step was to try the separation of thorium from mix- 
tures with cerium, lanthanum and didymium, and then from 
mixtures of thorium with all three. 

As before, known volumes of thorium nitrate solution were 
placed in beakers, known quantities of cerium, lanthanum and 
didymium oxides added in the form of nitrates, then an 
excess of metanitrobenzoic acid was added slowly with constant 
stirring, the solutions were heated on the water-bath, filtered 
and washed by decantation with a 5 per cent. solution of the 
precipitant. The moist precipitate and paper were placed in a 
weighed platinum crucible, heated and ignited, with the pre- 
cautions given above, and the thorium oxide weighed. 
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A separatory funnel with a capacity of 75 cc. was found very 
convenient, both as a measure of the volume added and for adding 
the solution slowly while stirring. 

The test for cerium in the filtrate by ammonia and hydrogen 
peroxide is of no use, as the metanitrobenzoic acid itself gives 
the same color. 

The following results will show the efficiency of the separation: 


Precipi- Total Weight Weight Weight Th0O,. Tho. 


Th(NOg3)4. tant. volume. CeQv. DigOg. LaoO3, taken. found. Error. 
ce. ce. ce, Gram. Gram. Gram. Gram. Gram. Gram. 
25 150 175 O.1I20 we eee eee §6©0,1128 ~O.1I4I -+0.0013 
25 150 175 seeee O.II20 «e+e 0.1128 0.1140 +0.0012 
25 150 175 seeee  ceeee O,1I20 0.1128 0.1143 +0.0015 
25 150 175 0.1120 0.1120 0.1120 0.1128 0.1199 +0.0071 
25 150 175 0.1120 0.1120 0.1120 0.1128 0.1196 -+0.0068 
25 150 175 0.0560 0.0560 0.0560 0.1128 0.1162 +0.0034 


These experiments showed that one precipitation will not 
separate thorium from an equal weight of cerium, lanthanum 
or didymium, or from an equal or one-half the amount of all 
three. A nearly constant amount of each is carried down. 

A reprecipitation being necessary, many methods were tried 
to change the thorium metanitrobenzoate to thorium nitrate. The 
precipitate is readily soluble in nitric acid, but on evaporating 
this solution a hard, insoluble skin is left which encloses the im- 
purities, making the second precipitation useless. The precipitate 
was dissolved off the paper into the precipitation beaker with 
hot dilute nitric acid (1:5), the paper well washed with hot 
water, the solution in the beaker diluted to about 150 cc. and 
25 cc. of metanitrobenzoic acid added. Then methyl orange 
was added until the solution became decidedly red, and then dilute 
ammonia (1:10) run in from a burette very slowly, with con- 
stant stirring until the solution turns from deep red to light red 
or pink. The clear solution, after the addition of some ammonia, 
becomes opalescent, due to the reprecipitation of thorium meta- 
nitrobenzoate, and as more is added the precipitate becomes 
white and flocculent, increasing as more ammonia is added. 

When the precipitate hecomes flocculent, the ammonia is added 
with great care, drop by drop, and the solution thoroughly stirred 
after every addition. 

If the process of neutralization were carried to the yellow tint, 
the other earths would precipitate. 
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The addition of ammonia is carried on until the red changes 
to pink; this marks the neutralization of the mineral acid and 
the weak acid, metanitrobenzoic, keeps the indicator pink. A 
very few drops more of ammonia would change the pink to 
vellow. 

The solution of the precipitant changes methyl orange decidedly 
red only when considerable quantities are added, and then the 
same depth of color which mineral acids give is not produced. 
The 25 cc. of metanitrobenzoic acid is sufficient to produce the 
pink. 

At this point, the pink tint, all the thorium should be precip- 
itated, but to insure a complete precipitation 50 cc. more of 
the precipitant are added, and the beaker heated on the water- 
bath as before, the solution filtered and the precipitate washed 
with a 5 per cent. solution of the precipitant and either ignited 
and weighed or redissolved in nitric acid and the neutralization 


repeated. 

The following table shows the results with three precipitations : 
Precipi- Vol- ThOs ThO, 

Th(NOs3)s. tant. ume. CeOn. Di2Os. La.Os. taken. found. Error. 
cc. ce. cc. Gram, Gram. Gram. Gram. Gram. Gram. 
25 150 175. 0.0560) «sees eeeee 0.1128 0.1129 -+0.0001 
25 150 175 twee 0.0560 «+++. 0.1128 0.1131 +0.0003 
a5" 150 175 tee et teen 0.0560 0.1128 0.1134 -+0.0006 
50 300 350 0.0560 0.0569 0.0560 0.2256 0.2263 -+0.0008 
26 150 175. 0.1120) eevee eee §=60,1173 0.1179 ~+0.0006 
25 150 175 te eee 0.1120 «+++ 0.1128 0.1129 +0.0001 
25 150 175. 0.1120 0.1120 0.1120 0.1128 0.1135 -+0.0007 


The above results being satisfactory, the separation was tried 
on mixtures in the proportions usually found in monazite sands. 
The next table shows the results with three precipitations : 


Precipi- Vol- ThO. ThO, 

Th(NOs3)4. tant. ume. CeOs. DisOs. LagOg. taken. found. Error. 
ce. ce. ce; Gram. Gram. Gram. Gram. Gram. Gram. 
25 150 175 0.5000 0.3000 0.2500 0.1128 0.1136 -+0.0008 
25 150 175 0.5000 0.3000 0.2500 0.1128 0.1137 +0.0009 
25 150 175 0.5000 0.3000 0.2500 0.1128 0.1140 +0.0012 
25 150 175. 0.5000 0.3000 0.2500 0.1128 0.1136 -++0.0008 
25 150 175 0.5000 0.3000 0.2500 0.1128 0.1137 -+0.0009 
25 150 175. 0.5000 0.3000 0.2500 0.1128 0.1136 -+0.0008 
25 150 175. 0.5000 0.3000 0.2500 0.1128 0.1134 -+0.0006 


It was thought that with greater dilution a closer separation 
could be obtained with two precipitations. 
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The following series proves this to be the case: 


Precipi- Vol- ThO, ThOs 

Th(NO3)4. tant. ume, CeOn. DisOz. La2O3. taken. found. Error. 
cc, ce. ce, Gram. Gram, Gram. Gram. Gram. Gram. 
25 150 700 0.5000 0.3000 0.2500 0.1128 0.1126 -0.0002 
25 150 700 0.5000 0.3000 0.2500 0.1128 0.1126 —0.0002 
25 150 700 0.5000 0.3000 0.2500 0.1128 0.1125 —0.0003 
25 150 900 0.5000 0.3000 0.2500 0.1128 0.1132 -+0.0004 
25 150 7OO 0.5000 0.3000 0.2500 0.1128 0.1123 —0.0005 


The separation was next tried to see if one precipitation would 
separate thorium from cerium in the proportions in which they are 
present in Welsbach mantles. Nos. 3 and 4 were reprecipitated, 
giving slightly low results: 


Precipi- Vol- ThO, ThOs 
Th(NO3),. tant. ume. CeOns. taken. found. Error. 
ce. cc, ce. Gram. Gram, Gram. Gram. 
C3) 25 150 300 0.0011 0.1128 0.1128 -+0.0000 
25 150 300 0.0011 0.1128 0.1128 -£0.0000 
25 150 300 0.0011 0.1128 0.1126 —0.0002 
(4) 25 150 300 0.O0II 0.1128 0.1125 —0.0003 


THE BEHAVIOR OF OTHER ELEMENTS. 

Glucinum, gadolinium, yttrium, titanium and samarium gave 
no precipitate, cold or hot. 

Zirconium gave a white opalescence and precipitate, which in- 
creased on heating. 

Erbium gave an immediate white, curdy precipitate in the 
cold, with little change on heating; the precipitation is quanti- 
tative. 

The following commoner salts were tried, although none are 
apt to be present in the analysis of monazite: Calcium chloride 
barium chloride, magnesium chloride, potassium aluminum sul- 
phate, potassium chromium sulphate, ferrous sulphate, ferric sul- 
phate, zinc sulphate, manganous sulphate, nickel nitrate, cobalt 
nitrate, bismuth nitrate, silver nitrate, lead nitrate, cadmium 
nitrate, copper nitrate, arsenious acid, arsenic acid, potassium 
antimonyl tartrate (tartar emetic), ammonium molybdate, auric 
chloride, hydrochlorplatinic acid, ammonium tungstate, uranium 
nitrate, mercurous nitrate, mercuric nitrate, stannous chloride and 
sodium stannate. With the exception of the last four they gave no 
precipitate. The precipitates, with mercurous and mercuric 
nitrates, were very heavy, white and curdy in the cold, but dis- 
solved on heating. 
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COMPOSITION OF THE PRECIPITATE. 

The precipitate used for the determination of its composition 
was made by dissolving the pure thorium nitrate in water in a 
large beaker and precipitating with an excess of metanitrobenzoic 
acid. The precipitate, after heating on the water-bath, was 
washed by decantation, then on the filter, a Btichner funnel, with 
a large amount of water to make the washing complete. The 
precipitate was transferred in a cake to a glass plate and dried 
for days in the air-bath at 115° C. When thoroughly dried, it 
was broken and pulverized and again dried for two days, being 
frequently stirred so as to insure complete drying. 

It was assumed that thorium would combine with 4 molecules 
of the acid as Th(C,H,NO,COO),. 

The percentage composition calculated from this assumption 
is: Th = 25.93 per cent.; C = 37.46 per cent.; H = 1.79 per 
cent.; N = 6.26 per cent.; O = 28.54 per cent. 

The precipitate gave on analysis: Th = 25.95, 25.97, 26.00 and 
26.05 per cent.; C = 37.43, 37.48, 37.32 and 37.12 per cent.; 
H = 1.85, 1.85, 1.91 and 1.97 per cent.; N = 6.42 and 6.48 per 
cent. 

PROPERTIES OF THORIUM METANITROBENZOATE. 

The precipitate, when dry, presents very peculiar properties ; 
it is snow-white, very light and is electrified. When pressed or 
touched with a glass rod or a brush it acts like pith balls, being 
first attracted, then repelled by the rod, so that it is impossible 
to handle it without loss. Even the transfer of a precipitate to 
a platinum crucible cannot be accomplished without loss; for this 
reason, the precipitate is always ignited without previous drying. 
The thorium metanitrobenzoate is radioactive, giving, after an 
exposure of five days to an X-ray plate, a faint image, while the 
thorium oxide, produced from the ignition of the metanitro- 
benzoate, and the oxide separated from monazite sands by meta- 
nitroberzoic acid, gave about four times the effect. 

When thorium metanitrobenzoate is ignited, a large volume 
of gas is given off which burns with a sooty flame, leaving, after 
complete ignition, thorium oxide, snow-white and in a very loose 
condition. This oxide, when placed in a platinum boat inside a 
platinum combustion tube and strongly heated with two blast- 
lamps, gave off white fumes, similar to those obtained by Metz- 
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ger’ from the oxide obtained by the ignition of thorium fumarate. 
These fumes were collected in a small glass tube, but disappeared 
after a few minutes. 

Thorium metanitrobenzoate is insoluble in water, it is easily 
soluble in, and prevented from precipitation by, hydrochloric, nitric 
sulphuric, and acetic acids. ‘Tartaric acid or tartrates dissolve 
the precipitate, from which solution the thorium cannot be pre- 
cipitated either by ammonium hydroxide, potassium hydroxide or 
oxalic acid. Oxalic acid dissolves the precipitate with the forma- 
tion of a white, crystalline precipitate of thorium oxalate. Sodium 
carbonate decomposes the precipitate with the production of a 
flocculent precipitate, soluble in excess of sodium carbonate. 
Potassium hydroxide decomposes it with the formation of thorium 
hydroxide. It is soluble in acetone; alcohol and ether have no 
‘solvent effect. 

MONAZITE ANALYSIS. 

The practical application of the precipitation of thorium by 
metanitrobenzoic acid was applied to the analysis of monazite 
sands. The results were checked against the two shortest and 
best methods, the combination method, and the fumaric acid 
method of Metzger. Five sands were analyzed, three from 
Brazil and two from North Carolina. 

FUMARIC ACID METHOD. 

Metzger’s method was used except for the following modifi- 
cation: The precipitate of thorium fumarate was dissolved in 
hot, dilute nitric acid (1:5) instead of hydrochloric acid, and in- 
stead of evaporating to dryness, which produces a compact residue 
incompletely soluble in water, the thorium and other contam- 
inating earths were precipitated as hydroxides, with an excess of 
potassium hydroxide, and the hydroxides filtered off, washed 
and dissolved in hot, dilute nitric acid (1:5), evaporated to dry- 
ness, taken up with 4o per cent. alcohol, and precipitated with 
fumaric acid, as before; filtered, washed, ignited and weighed as 
thorium oxide. This modification eliminates any chance of the 
other earths being enclosed in the insciuble residue on evapora- 
tion, and also any possibility of the thorium oxide being con- 
taminated by silica. 


1 This Journal, 24, 901 (1902). 
2 Loc. cit. 








790 ARTHUR C. NEISH. 


METANITROBENZOIC ACID METHOD. 


"-wo grams of the sand were ground to a fine powder and 
weighed out into a porcelain crucible, about 10 to 15 cc. of con- 
centrated sulphuric acid added and stirred with a small glass 
rod, which is left in the crucible throughout the digestion. The 
crucible was placed on a hot plate, heated gradually and stirred 
cautiously to allow the escape of bubbles of gas, which are only 
formed at first, and cause loss, if the heating is not done carefully. 
The heat was increased, or the crucible moved to the hotter part 
of the plate until a constant cloud of sulphur trioxide was given 
off. When the excess of acid had evaporated, more acid was 
added, the contents were stirred with the glass rod and the diges- 
tion was continued. As a rule, the digestion lasted all day, since 
the solution of the sulphates in water was allowed to stand over. 
night, but two results are given where the digestion lasted only 
three hours, so that longer digestion is unnecessary. At the end 
of the digestion the phosphates present in the monazite sand were 
all changed to sulphates ; the crucible now contained about [0 cc.; 
this was well stirred, and, after cooling the crucible in ice water, 
the mass was allowed to drop from the rod, a drop at a time, 
with constant stirring into a beaker containing 600 cc. of water 
cooled to 0°. After all the liquid was added, the crucible itself 
was placed in the beaker, and the whole allowed to stand, best 
over night. If it is a refined sand and free from quartz, the resi- 
due on the bottom of the beaker should be small, but if there is a 
flocculent precipitate, it is apt to be hydrated sulphate of thorium. 
In this case the best thing to do is to start another portion, using 
greater care in adding the mass to the ice-water and to have enough 
free acid present to make the mass liquid enough so that when 
a drop of it is added to the beaker it soon dissolves, leaving a 
fine white powder instead of sinking to the bottom as a hard lump, 
as it will do if too little acid is present. 

The solution was filtered into a large beaker and heated to 
boiling. A boiling solution of oxalic acid (saturated in the cold) 
was added gradually to the solution with constant stirring, a 
large excess being used in order to make the precipitation com- 
plete in presence of so much sulphuric acid, and also to take any 
zirconium into solution, which would be precipitated by the meta- 
nitrobenzoic acid ; an excess can have no solvent effect whatever 
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on the thorium present. The solution was allowed to stand and 
when cool, the white crystalline precipitate, consisting of the 
oxalates of thorium, cerium, lanthanum and didymium, was 
filtered and washed with a dilute solution of oxalic acid. It is 
better to allow the precipitate of the oxalates to stand many hours 
or, if possible, over night. The precipitate and paper were 
transferred to the precipitation beaker, 10 to 15 grams of stick 
potassium hydroxide added, 25 to 50 cc. of water and the whole 
heated to boiling, washing down any oxalates that were attached 
to the sides of the beaker. The oxalates were soon changed to 
hydroxides, having a silky appearance and becoming yellow on 
account of the oxidation of the cerium. The solution was di- 
luted to about 300 cc., filtered and washed with water until free 
from alkali. The hydroxides were dissolved into the precipita- 
tion beaker with hot dilute nitric acid (1:5). This solution of 
the nitrates was evaporated to dryness on the water-bath, mois- 
tened with water and evaporated until every trace of free nitric 
acid was driven off; since the precipitate is soluble in dilute nitric 
acid and as nitric acid is set free in the reaction, 


Th(NO,), + 4C,H,NO,COOH = 
Th(C,H,NO,CO,), + 4HNO,, 


all free nitric acid must be removed from the nitrates. 

The nitrates were dissolved in 500 to 600 cc. of water and 
150 to 250 cc. of metanitrobenzoic acid solution added slowly 
with constant stirring, and heated on the water-bath at 60° to 80° 
until the precipitate has all collected and settled to the bottom. 
It was then filtered, washed by decantation, using a 5 per cent. 
solution of the precipitant, then placed on the filter and washed 
with the same solution. The precipitate was dissolved by hot 
dilute nitric acid (1:5) into the precipitation beaker, the paper 
well washed with hot water and diluted to 600 cc. ; methyl orange 
was added until a decided red color was produced, then 25 ce. 
of metanitrobenzoic acid. This was neutralized with dilute am- 
monia (1:10) until a pink tint was obtained. This is best done 
by placing beside the beaker another containing the same volume 
and amount of acid and indicator, also containing some white 
powder, such as pulverized. quartz, and frequently stirred during 
the titration to give the same appearance as the contents of the 
other beaker. As the excess of nitric acid is neutralized, the 
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thorium reprecipitates as metanitrobenzoate, and the solution 
changes from a decided red to a pink color, due to the feeble 
acidity of metanitrobenzoic acid. After the pink tint was ob- 
tained, 50 cc. more of metanitrobenzoic acid were a-lded to in- 
sure complete precipitation. The beaker was then heated on the 
water-bath to from 60° to 80°, the precipitate filtered, washed, and 
the wet precipitate ignited and weighed, after treating for fifteen 
minutes with the blast-lamp. 

In the analysis of monazite some difficulty was experienced 
in obtaining a white thorium oxide, and also in the process of 
neutralization, for in making the second precipitation rapidly 
some experience is required to catch the proper end-point. To 
obviate this the following modification was used, which, though 
a little longer, is much easier to carry out, and insures concord- 
ant results and a pure white oxide. 

After the first precipitate of thorium metanitrobenzoate was 
dissolved in nitric acid, instead of neutralizing with ammonia, the 
thorium is precipitated as hydroxide by potassium hydroxide. 
The potassium hydroxide at first causes a reprecipitation of the 
flocculent metanitrobenzoate, but a slight excess changes it to 
hydroxide; this is easily seen by the change from a very volumi- 
nous white precipitate to a more compact cream-colored one. The 
solution was then diluted and filtered through the same paper, 
washed and dissolved with hot, dilute nitric acid (1:5) into the 
same beaker, and evaporated to dryness, dissolved in 600 cc. of 
water and precipitated with metanitrobenzoic acid, and the moist 
precipitate ignited, and the resultant thorium oxide weighed. 

This modification is recommended, as it requires no experience 
with the use of the indicator, and if the preceding directions 
are carefully carried out, a snow-white oxide will always be 


obtained. 
RESULTS ON MONAZITE SANDS. 
Meta- Modified 
nitro- metanitro- Combina- 
benzoic. benzoic. Fumaric. tion. 
5.70 5-70 5.70 5.63 
5.80 5.67 . 
Refined Brazil monazite!{ 5.93 5.65 
as 5.73 


- 5.60 erase Pree 
1 It was through the kindness of Mr. Whitaker, of the Welsbach Light Co., that these 
samples were obtained. 
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RESULTS ON MONAZITE SANDS (continued). 


Meta- Modified 
nitro- metanitro- Combina- 
benzoic. benzoic. Fumaric. tion. 
5-48 5-27 5-13 5-39 
North Carolina monazite) 5.12 5-26 fr ae 
eee 5.27 oa eee 
4.89 4.99 4.85 4.90 
Brazil monazite ......+. 4 4.97 4.98 wee eee 
5-04 4.82 eee oa 
6.04 6.02 5.89 5-98 
High-grade North Caro-} 6.15 6.04), rea wea 
lina monazite! ........] 5.88 5.88 a 
are 6.15 ret eee 
Refined Brazil monazite! om 5-71 5-97 


CONCLUSIONS. 


(1) Metanitrobenzoic acid precipitates thorium quantitatively 
as Th(C,H,NO.CO,), from a neutral solution of the nitrate. 

(2) When this precipitation is repeated, it affords a complete 
separation from cerium, lanthanum and didymium. 

(3 This method gives as good results for thorium in monazite 
as the combination or fumaric acid methods, and has the ad- 
vantage in that it is much shorter, and offers no difficulties in 
precipitation or filtration; the precipitant is not expensive and 
avoids the use of alcohol. 

This investigation was carried out under the direction of 
Professor Edmund H. Miller, and I wish to gratefully acknowl- 
edge my indebtedness to him for his kind interest and advice. 

QUANTITATIVE CHEMICAL LABORATORY, 


HAVEMEYER HALL, COLUMBIA UNIVERSITY, 
May I, 1904. 


THE BISMUTHATE METHOD FOR THE DETERMINATION 
OF MANGANESE. 


By ANDREW A. BLAIR. 
Received May 3, 1904. 
Tuis method was originally proposed by Schneider,*® and modi- 
fied first by Reddrop and Ramage,* and then by Brearley and 
[bbotson.® 


1 From the original sample received from Professor Baskerville, not the same as used 
by Metzger. This Journal, 24, 901 (1902). 

2 The digestion for these lasted three hours. 

3 Ding. poly. J., 269, 224. 

t Trans. Chem. Soc., 1895, p. 268. 

5 “The Analysis of Steel Works Materials.” 
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The method was based on the fact that a manganous salt in the 
presence of an excess of nitric acid is oxidized to permanganic 
acid by bismuth tetroxide. The permanganic acid formed is very 
stable in nitric acid of 1.135 sp. gr. when the solution is cold, 
but in hot solutions the excess of the bismuth tetroxide is rapidly 
decomposed and then the nitric acid reacts with the permanganic 
acid and as soon as a small amount of manganous salt is formed 
the remainder of the permanganic acid is decomposed, manganous 
nitrate dissolves and manganese dioxide precipitates. 

In the cold, however, the excess of the bismuth salt may be 
filtered off and to the clear filtrate an excess of ferrous sulphate 
added and the amount necessary to deoxidize the permanganic 
acid determined by titrating with permanganate. The end re- 
actions are very sharp and the method is extremely accurate, but 
the presence of even traces of hydrochloric acid utterly vitiate 
the results. As pointed out by Reddrop and Ramage, bismuth 
tetroxide which was used by Schneider is difficult to obtain free 
from chlorides and they recommended sodium bismuthate, which 
they prepare as follows: Heat 20 parts of caustic soda nearly 
to redness in an iron or nickel crucible and add, in small quan- 
tities at a time, 10 parts of basic bismuth nitrate, previously 
dried in a water-oven. Then add 2 parts of sodium peroxide 
and pour the brownish vellow fused mass on an iron plate to 
cool; when cold, break it up in a mortar, extract with water and 
collect on an asbestos filter. The residue, after being washed 
four or five times by decantation, is dried in the water-oven, then 
broken up and passed through a fine sieve. (The Baker & Adam- 
son Chemical Co. have prepared sodium bismuthate in this man- 
ner which is perfectly free from manganese chlorides and has 
proved entirely satisfactory.) 

THE METHOD. 

Steels—Dissolve 1 gram of drillings in 50 cc. of nitric 
acid (sp. gr. 1.135) in an Erlenmeyer flask of 200 cc. ca- 
pacity. Cool and add about 0.5 gram of bismuthate. The bis- 
muthate may be measured in a small spoon and experience will 
soon enable the operator to judge of the amount with sufficient 
accuracy. Heat for a few minutes, or until the pink color has 
disappeared, with or without the precipitation of manganese di- 
oxide. Add ‘sulphurous acid, solution of ferrous sulphate or 
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sodium thiosulphate in sufficient amount to clear the solution and 
heat until all nitrous oxide has been driven off. Cool to about 
15° C., add an excess of bismuthate and agitate for a few min- 
utes. Add 50 cc. of water containing 30 cc. of nitric acid to the 
liter and filter through an asbestos felt on a platinum cone into 
a 300 cc. Erlenmeyer flask and wash with 50 to 100 cc. of the 
same acid. The arrangement shown in Fig. 1 has proved 
very satisfactory. Run into the flask from the pipette, shown 
in Fig. 2, a measured volume of ferrous sulphate solution and 
titrate to a faint pink color with permanganate. The number of 
cubic centimeters of the permanganate solution obtained, sub- 
tracted from the number corresponding to the volume of ferrous 
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sulphate used, will give the volume of permanganate equivalent 
to the manganese in the sample, which, multiplied by the value 
of the permanganate in manganese, gives the amount of man- 
ganese in the steel. 

Pig Iron.—Dissolve 1 gram in 25 cc. of nitric acid (sp. gr. 
1.135) in a small beaker and as soon as the action has ceased 
filter on a 7 cm. filter into a 200 cc. Erlenmeyer flask, wash with 
30 cc. of the same acid and proceed as in the case of steels. 

In the analysis of white irons it may be necessary to treat the 
solution several times with bismuthate to destroy the combined 
carbon. The solution, when cold, should be nearly colorless; if 
not, another treatment with bismuthate is necessary. 

Tron Ores Containing Less than 2 Per Cent. of Manganese. 
Treat I gram in a platinum dish or crucible with 4 cc. of strong 
sulphuric acid, 10 cc. of water and t0 to 20 cc. of hydrofluoric 
acid. Evaporate until the sulphuric acid fumes freely. Cool 
and dissolve in 25 cc. of 1.135 nitric acid. If no appreciable resi- 
due remains, transfer to a 200 cc. Erlenmeyer flask, using 25 cc. 
of 1.135 nitric ucid to rinse the dish or crucible and proceed a; 
usual. If there is an appreciable residue, filter on a small filter 
into a beaker, wash with water, burn the filter and residue in a 
crucible and fuse with a small amount of potassium bisulphate. 
Dissolve in water with the addition of a little nitric acid, add to 
the main filtrate, evaporate nearly to dryness, take up in 1.135 
nitric acid and transfer to the flask as before. 

Manganese Ores and Iron Ores High in Manganese.—Treat 
{ gram as in the case of iron ores, using a little sulphurous acid, 
if necessary. Transfer the solution to a 500 cc. flask, dilute to 
the mark, mix thoroughly and measure into a flask from a care- 
fully calibrated pipette such a volume of the solution as will give 
from I to 2 per cent. of manganese and enough strong nitric 
acid (sp. gr. 1.4) to yield a mixture of 1.135 acid in a volume 
of 50 to 60 cc. For example, in a 50 per cent. ore use 10 cc. of 
the solution and add 30 cc. of water and 10 ce. nitric acid (sp. 
er. 1.4). In this case the manganese must be calculated on 
1/,, of a gram or 20 mg. of ore. When working on such amounts 
it is always desirable to make duplicate analyses and take the 
mean, as a difference of 0.1 cc. makes a large error in the result. 
When the ore contains a much smaller amount of manganese, 

















METHOD FOR THE DETERMINATION OF MANGANESE. 797 


say 5 or IO per cent., it is better to make up the solution to say 
100 cc. instead of 500. 

Ferro-manganese.—Treat I gram exactly like steel. Dilute 
to 500 or 1000 cc. and proceed as in manganese ores. 

Ferro-silicon.—Treat I gram with sulphuric and hydrofluoric 
acids and proceed as with iron ores. 

Special Steels—Steels containing chromium offer no special 
difficulties except that it must be noted that while in hot solu- 
tions the chromium is oxidized to chromic acid, which is reduced 
by the addition of sulphurous acid, the oxidation proceeds so 
slowly in cold solutions that if there is no delay in the filtration 
and titration the results are not affected. Steels containing 
tungsten are sometimes troublesome on account of the necessity 
for getting rid of the tungstic acid. Those that decompose read- 
ily in nitric acid may be filtered and the filtrate treated like pig 
iron, but when it is necessary to use hydrochloric acid it is best 
to treat with agua regia, evaporate to dryness, redissolve in hy- 
drochloric acid, add a few drops of nitric acid, dilute, boil and, 
filter. Get rid of every trace of hydrochloric acid by repeated 
evaporations with nitric acid and proceed as with an ordinary steel. 

REAGENTS. 

Nitric Acid (sp. gr. 1.135)—A mixture of 3 parts of water 
and I part strong nitric acid answers perfectly for this purpose. 

Nitric Acid (3 per cent.)—Thirty cc. of strong nitric acid to 
the liter. 

-ermanganate Solution and Ferrous Sulphate Solution—One 
gram of potassium permanganate to the liter gives a solution of 
convenient strength, and 12.4 grams of ferrous ammonium sul- 
phate and 50 cc. of strong sulphuric acid,’ made up to 1 liter, 
gives a solution which is almost exactly equal to the per- 
manganate solution. As the strength of the ferrous sulphate 
solution changes quite rapidly, while the permanganate remains 
unaltered for months, it is unnecessary and troublesome to attempt 
to keep them of the same strength. By using a constant volume 
of the ferrous sulphate solution and testing it against the per- 
manganate solution every day the calculation of the results is 
very simple. It is necessary that the conditions should be the 


1 Dr. C. B. Dudley proposes to use 25 cc. of sulphuric and 25 cc. of strong phosphoric 
acid as tending to give a more nearly colorless solution. 
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same in getting the strength of the ferrous sulphate solution as 
in titrating a solution for manganese, and after many experi- 
ments the following method of procedure was adopted: Measure 
into a 200 cc. flask 50 cc. of nitric acid (sp. gr. 1.135), cool and 
add a very small amount of bismuthate, dilute with 50 cc. of 
3 per cent. nitric acid, filter into a 300 cc. flask and wash with 
50 cc. of 3 per cent. nitric acid. If the felt is well coated with 
bismuthate it is unnecessary to add any to the nitric acid in the 
flask, as filtration through the mass of bismuthate on the felt will 
answer the purpose. Run in from the pipette (Fig. 2) 25 cc. of 
ferrous sulphate solution and titrate with the permanganate to a 
faint pink. This gives the value in permanganate of the ferrous 
sulphate solution. With this method of procedure the discrepan- 
cies that had occurred entirely disappeared and it is possible to 
make any number of determinations with a variation of less than 
O.I cc. 

The permanganate solution may be standardized in three ways: 
_ First, by getting its value in iron in the usual way and cal- 
culating its value in manganese. The proportion is 56:55, or as 
I: 0.98214.7 

Second, by titrating a steel with a known amount of manganese 
and getting the value of the solution by dividing the percentage 
of manganese by the number of cubic centimeters of the per- 
manganate used. 

Third, by making a solution of pure manganese sulphate and 
determining the manganese in it by evaporating a weighed 
amount of the solution to dryness, heating to dull redness and 
weighing as manganese sulphate, which, multiplied by 0.36424, 
gives the amount of manganese. Five grams of “C. P.” manganese 
sulphate dissolved in 500 cc. of water and filtered will give a 
solution containing about 0.0035 gram of manganese to the gram 
of solution. Weigh 1 to 3 grams of the solution in a crucible, 
transfer to a 200 cc. flask, using 50 cc. of nitric acid (sp. gr. 
1.135), cool, add 0.5 to 1 gram bismuthate and allow it to stand 
for three or four minutes, shaking at intervals. Add 50 cc. of 
3 per cent. nitric acid and filter through the asbestos filter and 
wash with 50 or 60 cc. of the same acid. Run 25 cc. of the fer- 
rous sulphate solution into the flask from the pipette and titrate 
with the permanganate solution to a faint pink. Subtract the 


1 With the atomic weights now accepted this would be 55.9 :55 = 0.9839.—EDITOR. 
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number of cubic centimeters of the permanganate solution ob- 
tained from the value of the 25 cc. of ferrous sulphate solution 
in permanganate and the result is the number of cubic centi- 
meters of the permanganate corresponding to the manganese in 
the manganese sulphate solution used. Divide the weight of the 
manganese in the manganese sulphate used by the number of 
cubic centimeters of permanganate and the result is the value of 
0.006354 gram, or the sample contains 0.635 per cent. manganese. 

Example—One gram manganese sulphate solution contains 
0.003562 gram manganese; 2.0372 grams manganese sulphate 
solution equals 0.0072565 gram manganese; 25 cc. ferrous sul- 
phate solution equals 24.5 cc. permanganate solution; 2.0372 
grams manganese sulphate, after oxidation and addition of 25 
cc. ferrous sulphate solution, require 3.6 cc. permanganate solu- 
tion; 24.5 cc. — 3.6 cc. = 20.9 cc.; 0.0072565 divided by 20.9 = 
0.0003472, or I gram permanganate equals 0.0003472 gram 
manganese. If then 1 gram of steel, after oxidation and addition 
of 25 cc. ferrous sulphate solution, requires 6.2 cc. permanganate 
solution to give the pink color, 24.5 — 6.2 = 18.3 X 0.0003472 = 
0.006354 gram, or the sample contains 0.635 per cent. manganese. 

NOTES AND PRECAUTIONS. 

The delicacy of the reaction of manganese in nitric acid solu- 
tion with sodium bismuthate is extraordinary. 0.000005 gram of 
manganese gave an appreciable color in 50 cc. of solution. 

When the proper precautions are observed, this method for 
materials containing small amounts of manganese, say up to 2 
per cent., is more accurate than any other method, volumetric or 
eravimetric, that I have ever used. 

As will be seen in the description of the various methods of 
solution, the use of hydrochloric acid has been avoided because the 
presence of even traces of this reagent is fatal to the accuracy 
of the method. Where it is impossible to avoid its use and its 
presence is suspected in the final nitric acid solution, the addition 
of a drop or two of silver nitrate will overcome the difficulty, but 
the filter must be rejected after using it for filtering a solution 
so treated. 

Any form of asbestos filtering tube may be used for filtering 
off the bismuthate, but the perforated cone with bell jar, shown 
in Fig. 1, is the most satisfactory, because it has the largest area 
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of filtering surface. One filter may be used for fifty or more de- 
terminations and the time occupied in filtering and washing one 
determination is only from one minute and a half to three min- 
utes. The filtrate must be perfectly clear, for the least particle 
of bismuthate carried through will vitiate the result by reacting 
with the excess of ferrous sulphate. As soon as the filtration 
and washing are completed, the ferrous sulphate should be added 
and the excess titrated with the permanganate solution, as the 
permanganic acid gradually decomposes on standing and the 
warmer the solution the more rapid is the decomposition. At a 
temperature of 5° C. the solution will remain unaltered for sev- 
eral hours, but at 40° C. fifteen minutes will show an appreciable 
change. The larger the amount of manganese the more rapid 
the change. It is especially important not to allow the solution 
to stand after adding the ferrous sulphate, as the excess of this 
reagent reacts with the nitric acid in a few minutes and the for- 
mation of the smallest amount of nitrous oxide is fatal to the 
accuracy of the determination. For this reason it is important 
to boil off every trace of nitrous oxide when in the earlier part 
of the operation sulphurous acid or other deoxidizing agent is 
added. 

When working with steels of unknown manganese content, 
it may often happen that 25 cc. of ferrous sulphate solution are 
insufficient to entirely reduce the permanganic acid, in which 
case an additional amount of ferrous sulphate must be added and 
the pipette shown in Fig. 2 has been arranged to meet this con- 
tingency. It will be noticed that the solution of permanganic 
acid upon the addition of an insufficient amount of ferrous sul- 
phate does not necessarily retain its pink or purple color, but usu- 
ally changes to a dirty brown. When this occurs, the lower part 
of the pipette may be emptied directly into the flask and the 
value of the two parts taken as the amount from which the number 
of cubic centimeters of permanganate corresponding to the ex- 
cess of ferrous sulphate must be subtracted. When the sample 
is low in manganese, the Io cc. portion of the pipette alone may 
be used, so that the arrangement allows a great deal of variation 
in the manganese content of the samples worked on. 

There is no advantage in using permanganate solutions differ- 
ing in strength from the one given above, but the strength of 
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the ferrous sulphate solution may be changed to meet special 
cases. 

I am surprised that this method has not come into general use, 
for it combines in a remarkable degree extreme accuracy and 
great rapidity with simplicity and ease of manipulation. 


LABORATORY OF BOOTH, GARRETT AND 
BLAIR, PHILADELPHIA, PA. 


THE DETERMINATION OF SULPHUR IN IRON. 
By ALLEN P. FORD AND OGDEN G, WILLEY. 
Received January 18, 1904. 

A PAPER on this subject by the same authors was read before 
the American Chemical Society at its meeting in Cleveland in 
June, 1903, in which paper the authors took a somewhat differ- 
ent view of the subject, in part at least, from that ordinarily 
taken, and expressed the opinion that this or that method was not 
responsible for all the trouble experienced in getting close checks 
on sulphur determinations, but that much of the trouble was due 
te the analyst through carelessness, inability or inexperience. 

In the present article the substance of that paper will be used, 
rewritten in part, together with some additions based on the re- 
sults of further experiments. 

We wish to emphasize the fact as pointed out in the paper 
mentioned that the determination of sulphur in iron is as difficult 
probably as any the iron chemist is called upon to make, and the 
young man of limited experience who may perchance have trouble 
with it must by no means feel that his career as a chemist is ended, 
and we also wish to say that we believe there is much to be said 
in regard to the relative merits of different methods—which phase 
of the question will be considered later—but at the same time we 
firmly believe that a competent chemist should be willing to sign 
his reports with his name instead of the metnod he used. We 
would not decry the principle of standard methods, as in the main 
they are excellent, but a too rigid application of that principle tends 
to relieve the analyst of responsibility—this too when the persona! 
element cuts so large a figure that two operators using the same 
method described in minutest detail (and this is particularly true 
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of sulphur methods) may and often do obtain widely varying re- 
sults. We believe a careful chemist should (especially in cases 
of dispute) check his work by different methods, and so prove his 
results up and down and crosswise that he is practically sure they 
are within the limits of a reasonable error of manipulation. In 
this case the “method” will very seldom be asked to stand re- 
sponsible for failures. 

In a number of instances where we have disagreed with pig- 
iron manufacturers and have had occasion to submit samples to 
other chemists, we have found that works chemists, or those em- 
pleved by and working exclusively for manufacturing concerns, 
generally checked us, while commercial chemists were generally 
low. We believe this can be very generally accounted for by the 
fact that the actual work in commercial laboratories is turned over 
to inexperienced or incompetent men and not at all that the heads 
of the firm are not first-class chemists. Nevertheless, these re- 
sults turned out by commercial chemists of high standing mak: 
lots of trouble as we have had occasion to know, since they are 
generally accepted on the standing of the firm. We would not wish 
to be understood by this that works chemists are better as a class 
or that they are more conscientious workers, but they have more 
experience with this particular line of work, and, moreover, any 
mistakes which they make would come back on them in a way 
which would be disastrous to themselves. For these reasons we 
do not think it strange that they are, as a rule, more reliable in 
their own special line of work. 

In every such instance the commercial chemist was not con- 
demned until our results were proved, not only by other chemists 
but by different methods and in every way possible. 

As to methods, there are, as every one knows, two general 
methods—the evolution and the oxidation. The evolution method 
will not be considered in detail in the present paper, since it is 
properly used only under certain conditions and as an adjunct to 
the oxidation method upon which it depends directly cr indirectly 
for its accuracy. It bears about the same relation to the oxidation 
method that the color method bears to the combustion method in 
the determination of carbon. In using this rapid method on any 
fairly uniform grade or brand of iron, we believe the better way 
is to standardize the iodine solution against a sample of the same 
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iron, in which sample the sulphur has been accurately determined 
by the oxidation method. In this case the theoretical value of the 
iodine solution may or may not be correct, according as this par- 
ticular iron does or does not give off all its sulphur as hydrogen 
sulphide, but the sulphur value of iron of like character given by 
the direct reading will be quite accurate. 

The method is by no means universal, and a standard solution 
once adjusted to a certain kind of iron can not safely be used on 
irons of different or unknown chemical and physical character- 
istics. Such use, however, we know is too often made of this 
method and we wish to say in this connection that while it has a 
wide and legitimate use in iron and steel works it has no place in 
a commercial laboratory. At least it should never be used in cases 
of dispute or where the general nature of the sample submitted is 
unknown. . 

Considering then, more particularly; the oxidation method, it is 
clear to a reasonably close observer, even where the integrity and 
ability of the analyst is above question, that there is much difficulty 
in obtaining close checks on sulphur determinations and that the 
sulphur content is too frequently in dispute. If one inquires as 
to the method used, in say a dozen analyses where the variations 
in sulphur may be far outside the allowable limits of accuracy, it 
would probably be found that the oxidation method had been used 
in most cases. ‘That is, this method had been followed in general, 
though its variations in detail are manv and probably no two sam- 
ples had been treated exactly alike. 

It appeared to us that there should be more certainty and accu- 
racy in this work, and it was the various details of the oxidation 
method that we first worked upon, with a view of ascertaining 
their relative importance. 

The essential features of the oxidation method as commonly 
published and used to-day are: The solution in a beaker or dish 
of the drillings in strong nitric acid, generally with the additior 
of some hydrochloric acid and a little sodium carbonate; baking, 
after evaporation to dryness; solution ‘n hydrochloric acid and 
again evaporating to dryness and baking; dissolving again in hy- 
drochloric acid, addition of water, filtering and precipitating with 
barium chloride in this filtrate, which according to various author- 
ities should be anywhere from 75 to 300 cc. in volume. There 
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is no question that this manner of handling the method gives low 
results in a large majority of cases, and the trouble we believe 
to be largely in the loss of sulphur in the too rapid solution of the 
drillings. We were by no means the first to discover this, since 
for some years a device (the idea, we believe, of Mr. Brady, chief 
chemist of the Illinois Steel Company, South Works) has been 
in use in that-laboratory, consisting in inverting a small watch- 
glass over the borings in the bottom of a casserole before putting 
on the acid. When solution begins, the escaping gases are held 
under the watch-glass until enough collect so that their buoyancy 
tilts it up and allows them to escape, but not until those carrying 
sulphur have been held in contact with the oxidizing gases some 
time. Care must also be taken to only warm the dish sufficiently 
to cause solution to take place slowly. 

We, have made many determinations with and without the 
watch-glass, all other parts of the operation being the same, and 
have proved that the watch-glass will give higher results. 

We give below some figures showing the sulphur obtained with 
and without the watch-glass, on the same samples. 


With watch-glass. Without watch-glass. 
No. Kind of iron. Per cent Per cent. 
1 Gray cast iron-...-. sete ee eeee O.112 0.103 
2 = wm MM 6veeeue eeeeeeeeee 0.143 0.131 
3 os 66 AE deen eee eeeeeeeee 0.134 0.113 
4 ee te RE a .winieimis oinreieisieieejes (OSES 0.113 
5 Malleable Bessemer pig------- 0.045 0.038 
6 ‘s = We catccahayavees 0 047 0.937 
7 No. 2 foundry pig...... nesses 1OSONS 0.023 
8 es a 8 peeeeeveeees 0,036 0.030 
9 $6 he = weeearney 0.044 0.019 
10 Bessemer steel...-. see eee eee 0.080 0.071 
nz ns Be es erase ee eeeeeeeee 0,073 0.075 


On two or three of the samples it will be seen that the amount 
of sulphur obtained without the use of the watch-glass, checks or 
slightly exceeds that obtained when using it, while in one case, 
No. 9, the difference is exceptional. This varying difference is 
characteristic, since the loss of sulphur when dissolving rapidly 
in an open dish is greater or less according to the strength of the 
acid, rapidity of solution and possibly the character of the iron. 
Under some conditions there is no loss, but there is no certainty 


in regard to this. 
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Thinking it would be well to prove positively that sulphur was 
driven off by rapid solution, a 1000 cc. flask was fixed up in the 
same manner as for volumetric determinations, in which the bor- 
ings were dissolved as rapidly as possible with strong nitric acid 
and the escaping gases passed through different absorbing solu- 
tions, but we could obtain no trace of sulphur in the absorption 
bulbs. The contents of the flask were then treated in the regular 
way and all the sulphur was found. Inasmuch as the flask was 
closed during the solution of the borings, with the exception of the 
small delivery tube, it was filled, of course, with oxidizing gases 
and it appeared that they completely oxidized and retained the 
sulphur. Acting on this suggestion, borings were dissolved in a 
tall Erlenmeyer flask with a funnel set in the top which compelled 
the evolved gases to circulate pretty thoroughly in the flask be- 
fore passing out. The contents of the flask, after solution was 
complete, were treated by different methods and in all cases all 
the sulphur was recovered, or at least as much as could be obtained 
by any other method, with the exception of one sample which was 
afterwards found to contain titanium. We think these experi- 
ments show the importance of bringing the borings into solution 
slowly and in such a mannner as to keep the escaping gases as 
long as possible in contact with the oxidizing agents. 

Again the addition of the proper amount of ammonium chloride 
after dissolving the baked mass in hydrochloric acid the last time, 
just before filtering, is important, since, if properly manipulated, 
it leaves the filtered solution just acid enough and with enough 
ammonium chloride so that the complete precipitation of the 
barium sulphate, entirely free from iron, is assured. 

The practice with the authors is to take up the baked mass from 
a 2-gram sample in 10 cc. strong hydrochloric acid. Heat this to 
dissolve the iron salts and at the same time evaporate the solution 
to from 4 to 5 cc., then add 5 grams ammonium chloride. This 
amount of ammonium chloride will nearly or quite absorb the hy- 
drochloric acid, if the evaporation has been carried far enough, and 
after the addition of water and filtering and washing will leave 
the filtrate about 75 cc. in bulk and with a sufficient amount of 
ammonium chloride and free acid for complete precipitation. 

Another method of preparing the filtrate for the precipitation 
of the barium sulphate is that of Lunge modified by, Kuster and 
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Thiel? and used by Hillebrand and others, though not applied to 
any great extent in the determination of sulphur in iron. In 
this case the baked mass is dissolved in strong hydrochloric acid, 
diluted with an equal amount of water, filtered and washed. 
This filtrate is made slightly ammoniacal, 10 cc. barium chloride 
added, then slightly acidified with hydrochloric acid, diluted to 
300 cc., boiled down to Ioo cc. and allowed to stand over night. 
This method of precipitating the barium sulphate has not been 
used to any great extent by the writers but so far as tried appears 
to give good results. 

Some work was dore on the method proposed by W. A. 
Noyes and L. L. Helmer,? but while this method appears to have 
some advantage over the oxidation method, it is more than off- 
set, we believe, by its disadvantages. It is complicated, and the 
determining and weighing Sf the barium sulphate in two different 
portions is liable to double the ordinary error of manipulation. 
The necessary fusion of the residue is an objection, we think, as 
against a method that does not require it. The barium sulphate 
obtained by this method is very likely to contain silica, and fur- 
thermore we disapprove of the “permanent correction” principle 
as suggested in Professor Noyes’ paper. We wish to say, in this 
connection, that the method of Professor Noves, as well as that 
of Kuster and Thiel, was tried just as first published. It is prob- 
able that extended use and experience might remove some of the 
features that appeared objectionable to the authors. However, 
as the general principle and main reactions involved did not ap- 
pear as promising as those of some other methods, further work 
on it was not attempted.* 

Although the details of the regular oxidation method were 
worked out very thoroughly and although results were obtained 
repeatedly that checked up with other methods and with other 


1 Zischr. anorg. Chem., 19, 97. 

2 This Journal, 23, 675. 

3 It should be noted that the fusion of the residue in the method of Noyes and Helmer 
is only required for irons containing sulphur which cannot be brought into solution by the 
usual methods. Also, that the separate precipitation of the sulphur contained in the fused 
mass was carried out in order to determine the amount of such insoluble sulphur. In ordi- 
nary practice the fused mass could to advantage be dissolved in water and added to the 
main solution before the latter is precipitated by ammonia. By this modification only a 
single precipitation of sulphur is required. We are not aware of any experimental evi- 
dence to show that silica is carried down with the barium sulphate from a solution in 
which iron has been first precipitated by ammonia. Indeed, several authors have shown 
that small amounts of silica in solution do not interfere with the determination of sul- 


phuric acid.— EDITOR. 
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chemists who were familiar with this line of work, we were still 
not entirely satisfied, inasmuch as we were convinced that success 
still depended very largely on a high degree of skill in manipu- 
lation—and right here is probably the secret of so many failures. 


A method seemed desirable that would allow a little more 
latitude in manipulation and, at the same time, be reliable and 
accurate, and from our investigation we believe Bamber’s method 
is worthy of a strong recommendation. 

This method was first published, we believe, in the year 1894 in 
the Journal of the !ron and Steel Institute and has had a limited 
use since that time, but we do not think it is anywhere near as 
well or favorably known as it should be. The Journal of the 
American Chemical Society for February, 1897, contains an 
article on it, by A. A. Blair’ and it is also given prominent men- 
tion in the fifth edition of Blair’s “Chemical Analysis of Iron,” 
but one does not often find it referred to in any book or paper on 
iron or steel analysis published in the last eight or nine years. 
The method as we prefer to use it is as follows: A 2-gram 
sample of drillings is dissolved slowly in nitric acid in a platinum 
dish, using the inverted watch-glass over the drillings as before 
described. After the iron is completely dissolved the watch-glass 
is removed from the solution, I gram of potassium nitrate added 
and the solution evaporated to dryness and ignited over a Bunsen 
burner at a good red heat for three or four minutes, turning the 
dish so that the side as well as the bottom is heated to redness. 
Add 50 cc. of I per cent. solution of sodium carbonate, boil for 
a minute or so, filter, using paper pulp, and wash with hot I per 
cent. sodium carbonate. Acidify filtrate with hydrochloric acid 
and evaporate to dryness. Take up in 50 cc. water and 2 cc. 
strong hydrochloric acid, filter, wash, and in the filtrate, which 
should be about 75 cc. or 100 cc. in bulk, precipitate the barium 
sulphate with barium chloride. 


By this method accurate results can be obtained with certainty 
and with less fine-haired manipulation than with the oxidation 
method and it is applicable to many irons that would be trouble- 
some with the ordinary oxidation method. There is no danger 
of the dry mass taking up sulphur from the flame in the three or 


1 This Journal, 19, 114. 
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four minutes it is ignited. This method can be worked in about 
the same, or even less, time than the oxidation method, and we 
think it preferable. 

The following instance will show that others may sometimes 
get a better result with the Bamber method than with any other 
though they may not know it. Some time since we disagreed 
with a blast-furnace company on the analysis of some iron. 
A large sample was carefully prepared under the joint direction 
of ourselves and a representative of the furnace, and samples 
sent to some six or seven chemists. Three of them were com- 
mercial chemists of national reputation and the others were em- 
ployed by large iron and steel manufacturing concerns. The iron 
was guaranteed below 0.050 sulphur. We found 0.060 and all the 
works chemists checked us quite closely, their results averaging 
about 0.057, with none lower than 0.055. The commercial chem- 
ists checked each other quite closely at 0.045. Some time after, 
having in the meantime done some work with the Bamber method, 
we sent another sample of this same iron, without any comment, 
to one of the commercial chemists who had previously reported 
on it, with a request that a sulphur determination be given us by 
the Bamber method. In due time the report came back stating 
that this had been done and the result was 0.056. This incident 
illustrates very concisely two points which we have attempted to 
make; that the oxidation method will give accurate results if 
handled by men who understand it, as most iron and steel works 
chemists do, while those not using it so often and not so thor- 
oughly acquainted with all the necessary and apparently insignifi- 
cant details will be more likely to get nearer the truth with the 
Bamber method. 


LABORATORY OF CRANE AND CO., 
CHICAGO, ILL. 


THE DETERMINATION OF PHOSPHATES IN AQUEOUS 
EXTRACTS OF SOILS AND PLANTS.' 


By OSWALD SCHREINER. 


Received April 7, 1904. 
In AN earlier paper? a colorimetric method for determining 
small amounts of phosphates in the presence of silica was pre- 


1 Published by permission of the Secretary of Agriculture. 
2 This Journal, 25, 1056 (1903). 
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sented. The facts on which the method was based were there 
given, together with some test results with the method itself, as 
follows: 

1. A series of solutions of known phosphate and silica content 
were analyzed, the found results agreeing quite well with the 
calculated values. 

2. The influence of other salts in quantities likely to be found 
in natural waters, or aqueous extracts of soils or plants was 
tested : 

(a) On an artificially prepared solution of phosphates and 
silicates, containing sulphates, bicarbonates, chlorides 
and nitrates. 

(b) By taking a natural water and noting whether the pres- 
ence of the more complex natural ingredients had any 
influence in determining any added phosphate by this 
method. 

(c) By treating a soil solution in the same manner. 

(d) By treating a plant solution in the same manner. 

The tests there given indicated the applicability of this method 
to natural water or soil and plant extracts. The difficulty of 
obtaining amounts of such solutions sufficient for absolute or 
gravimetric determinations to check the colorimetric results would 
have delayed unduly the publication of the former paper on this 
subject. Since the work described in the earlier paper was done, 
however, an equipment has become available by which large 
quantities of soil extracts can be readily obtained. 

Veitch’ has already discussed the possible influence of sub- 
stances likely to occur in natural water or soil extracts on the 
development of the phosphomolybdate color, although his actual 
procedure was different from the one used in this work, as he 
removes the silica by evaporation and heating, according to the 
method of Woodman and Cayvan.? His results also showed that 
moderate amounts of other salts did not influence the coloration 
beyond the possible errors of reading. Iron salts were found to 
affect the results, but not until present to the extent of 20 parts 
per million of solution, and a concentration greater than 0.1 to 
5 parts per million was seldom obtained in aqueous extracts of 
soils. That the ingredients naturally occurring in soil extracts 


1 This Journal, 25, 169 (1903). 
2 Jbtd., 23, 96 (1901). 
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have no marked influence on the phosphomolybdate coloration 
is shown by the following comparison, taken from the article 
cited, between the colorimetric method as used by Veitch and the 
standard volumetric method upon soil samples sent out for that 
year by the Association of Official Agricultural Chemists. 


P,O;, parts per million of dry soil. 





Sample No. Colorimetric. Volumetric. 
Die 01d: )6:0:4'6:0'0 60:6 0 0105010 0:6. 6 6:6:00.010.6.500 stew es 1.50 1.33 
. Coe a 1.06 0.64 
Grcescccnccce coer cccsccesscsccsccscces 0.94 1.26 
Sorc e ccc e ene ce cere sees cecsveencsces 0.87 0.99 
Boccececccasccccccccosseseccccccessoce 5.60 5.10 
7 SI oe - 2.56 2.63 
Bic ce ce ceceeee cece cece er een cece ceces 2.52 1.95 


In the course of certain investigations conducted for Dr. 
Cameron, in which gravimetric determinations were being made, 
it was deemed desirable to use this data to check results obtained 
by the colorimetric method. ‘These results cover a number of dif- 
ferent soil types, and the phosphates were, therefore, determined 
in solutions of such different composition with regard to other 
soluble soi! components as would be obtained from soils of widely 
different origin. 

The soil solutions were in all cases prepared in the conventional 
manner, using I part of soil to 5 parts of water, shaking vigor- 
ously for three minutes, and after standing twenty minutes filtering 
through a Pasteur-Chamberland filter with pressure. It is ob- 
vious that any colorimetric method absolutely demands a color- 
less solution before applying the test. This is not always ob- 
tained directly from the soil, especially if it has been recently or 
heavily manured. Moreover, samples which have been dried 
out in the laboratory frequently give colored solutions though 
samples of the same soil fresh from the field give colorless solu- 
tions. ‘lhe color may, however, be readily removed either by 
adding carbon black to the soil itself so as to have it present dur- 
ing the shaking process, or better, though with more loss of time, 
by decolorizing the solution after filtering. ‘There seems to be a 
wide-spread impression that only animal charcoal will decolorize 
solutions. The necessity of a decolorizing agent free from min- 
eral matter led to the examination of other materials, and for the 
information of those who may have similar solutions to decolorize 
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it might be stated that certain carbon blacks prepared from 
petroleum on a large commercial scale do this quite satisfactorily. 
The sample used in these experiments was the “G. Elf” carbon 
black, manufactured by G. L. Cabot, Boston, Mass. 

The perfectly clear and colorless solutions were then used for 
analysis. The colorimetric determinations were made in the 
manner described in the earlier paper referred to, and recorded. 
The gravimetric determinations were made by various laboratory 
assistants who have had an exceptionally long training in making 
phosphate determinations, and as a matter of routine work. The 
quantity of solution furnished them was nearly always 3 liters, 
although necessity occasionally compelled the use of a smaller vol- 
ume, in some instances as low as 600 cc. The method of the 
Association of Official Agricultural Chemists was followed for 
all gravimetric determinations. In no case did either analyst 
know the result of the other until all work was completed and 
recorded in a finished form. 

It was thought of interest at this time to give these com- 
parisons of the two methods made on soil solutions as far 
as they have been obtained in the course of other work. 
The results are given below. In the first column the in- 
dividual solutions are numbered; in the second is given the 
name cf the type of soil from which the solution was prepared, 
and in the third and fourth the results obtained by both the colori- 
metric and gravimetric methods. In the last column the actual 
weight of magnesium pyrophosphate, on which the gravimetric 
determination depends, is also given, followed by the !etters (A), 
(B), or (C), to indicate the different analysts. 

Some further gravimetric checks on the colorimetric method 
were made on plant solutions obtained in the course of a 
series of experiments conducted for Prof. F. H. King. In cases 
Nos. 24 and 25, sixteen solutions of plants grown on eight differ- 
ent soil types were made by macerating Io grams of the ground 
and dried plant with 1,000 cc. of water, decolorizing the solutions 
with carbon black. The sixteen solutions thus obtained were then 
analyzed colorimetrically by the regular laboratory assistants 
charged with the routine work. A composite of all sixteen solu- 
tions in equal amounts was analyzed gravimetrically. On ac- 
count of the varying phosphate content of the separate solutions 
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COMPARISON OF COLORIMETRIC AND GRAVIMETRIC RESULTS ON SOIL 
SoLvuTIOoNs.! 
Parts PO, per 


million of solution. 
———_+_—_——, MgoP20; 








No. of Colori- Gravi- actually weighed. a 
solution. Sample. metric. metric. Gram. 4 
I. Fertilizer (A)........... ceeeee 5.5 4.2 0.0034 (A) 
2 is (B)i ccisvcsceciscessce: (9:8 10.2 0.0060 (A) 
3. ss (C) .--00-. iartete rotate oes BNF 28.5 0.0167 (A) eS 
4. Janesville loam ......... aieceisie, LOK? 0.6 0.0020 (B) e 
ce e eT ee ses 0.9 1.4 0.0048 (B) 2 
6. ee S psmsleaemeweee -- 0.9 1.0 0.0034 (C) id 
7. af “fertilized (a)... 2.1 2.1 0.0015 (A) et 
8. as ae “ (d)--- 3.3 3.6 0.0025 (A) Al 
9. i ee a (c)-»+ 6.6 5.8 0.0041 (A) y 
To. “ = we (d).-+ 39.1 42.4 0.0298 (A) 7 
tr. Norfolk sand.......-.++- mieiecisis 32eg 1.7 0.0023 (A) q 
“ “ +1: if 4.3 {0.0152 (A) 4 
12. fertilized (@).-- 3.9 L es onus 10) : 
r3: es ee - (b)-+- 4.0 4.1 0.0032 (A) ; 
14. oe GA i (C)+++ 4.4 4.4 0.0034 (A) 
15. a i “ (d).-- 28.1 34.7 0.0264 (A) 
16. Hagerstown loam......+--+++- 0.7 0.4 0.0015 (B) 
07. ia re ei 0.7 0.5 o.oo18 (B) 
18. Sassafras sandy loam, fertilized 2.9 J 3.4 am (C) 3 
3.5 0.0122 (C) ; 
19. Hagerstown clay loam....----- 0.8 0.3 o.oo1r (B) : 
20. Ae BSS asiaiccoscon's 1.0 0.3 o.oo1r (B) ; 
21. Garden soil.......-- BOOAC seine: IBY 6.1 0.0217 (B) : 
22. ee AS: wisietaicte eieisiciats csooe 5,1 4.3 0.0151 (A) 
23. Miami loam........... OK 1.9 { 1.8 —_ (C) 
2.0 0.0072 (B) 


the gravimetric result can, of course, only be compared with the 
average of the sixteen separate colorimetric determinations. With 
sample No. 26 the checks were made on a single solution, the 
gravimetric determinations being in duplicate. 


1 In connection with the duplications in the amounts of water-soluble phosphates dis- 
solved from any one soil (unfertilized), as shown in the above table, attention should be 
called to the results of Schloesing’s work on water-soluble phosphates (See memoir by 
Paturel : Ann. Agron., 28, 385 (1902)). Schloesing has suggested that the water-soluble 
phosphates obtained by any one method of extraction is practically a constant for any 
one soil, anda definite characteristic of that soil. Interesting in this connection, al- 
though not strictly comparable, are Schloesing’s (Compt. Rend., 134, 1383 (1902)) gravi- 
metric determination of the water-soluble phosphate from the unmanured wheat soil of 
Broadbalk Field, Rothamsted (See abstract and note by Miller, of the Rothamsted Station 
in /. Chem. Soc., 82, II, 626 (1902)), and the colorimetric determination for soil from the 
same field made in this laboratory (Bull. No. 22, p. 45). Schloesing found gravimetrically 
7 parts P,O;, while the colorimetric result was 8.4 parts P,O; per million of soil. 
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‘Lhe results obtained with these three sets of solutions were as 


follows: 
COMPARISON OF COLORIMETRIC AND GRAVIMETRIC RESULTS ON PLANT 


SOLUTIONS. 


Parts PO, per million of solution. 














No. of on =e ies aa ae 
solution. Sample. Colorimetric Gravimetric. 
24. Corn plant..........-..... Mace easel ae 60.5 60.4 
25. Potato plant ............ cccccevccses 43.9 45.2 

. { 46.0 
26. Corn plant....... tease Panacea shee 44.5 p 
‘43.5 


The results presented above show that, in general, there is a 
good agreement between those obained by the colorimetric and 
the gravimetric methods. The satisfactory degree of accuracy 
shown by the colorimetric method, together with its great speed 
and ease of manipulation, and the comparatively small amount of 
solution required, makes it one of great value where small con- 
centrations are involved. 


BUREAU OF SOILS, 
U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 


[CONTRIBUTION FROM THE LABORATORY OF THE PENNSYLVANIA STATE 
COLLEGE AGRICULTURAL EXPERIMENT STATiON, NO. 10.] 
THE RAPID ANALYSIS OF CREAM OF TARTAR AND TAR- 
TARIC ACID BAKING-POWDERS. 


By R. O. BROOKS. 
Received April 28, 1904. 

THE simple method of analysis given below, utilizing prin- 
cipally carbon dioxide determinations before and after fusion and 
Kenrick’s' polariscopic method for tartaric acid, was worked out 
by the writer in connection with his study of the official methods 
of analysis for baking-powders and baking-powder chemicals, 
for which he was appointed associate referee by the Association 
of Official Agricultural Chemists, at the annual convention in 
November, 1903. 

The analysis of a baking-powder containing cream of tartar 
(potassium bitartrate) and free tartaric acid, as outlined in the 
provisional official methods of the Association of Official Agri- 


1 This Journal, 24, 936. 
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cultural Chemists, and commonly used in food control work, in- 
volves three rather tedious determinations in addition to the usual 
available and total carbon dioxide estimations and the various 
tests necessary to ascertain the qualitative character of the sample. 


These three determinations are: First, a total tartaric acid de- 
termination hy the Goldenberg-‘seromont-Heidenhain method of 
converting the free acid into tartrate, treating with acetic acid, 
precipitating with alcohol, filtering, washing, redissolving in hot 
water and titrating with specially standardized alkali; secondly, 
a potash determination (as chlorplatinate) with an equally tedious 
preceding estimation of mixed chlorides; and thirdly, a starch 
determination by the combined Sachsse and Allihn methods of 
converting into “dextrose,” determining the copper-reducing 
power and calculating into starch. 


As the Goldenberg-Geromont-Heidenhain method for total 
tartaric acid is not adapted for baking-powders and chemicals 
containing the usual adulterants (alum, phosphates, lime salts, 
etc.) the writer was first impelled to give the polariscopic method 
of Messrs. Edgar and Frank Kenrick a thorough trial, with most 
satisfactory results. In every conceivable mixture of cream of 
tartar and its usual adulterants and of cream of tartar and 
tartaric acid, singly and together in baking-powders, the 
amounts of tartaric acid found by means of the polariscope, 
and those taken, agreed very closely, the possibility of getting 
practically theoretical results being dependent upon the ability of 
the analyst to make a correct polariscopic reading. 


The details of this method, the performance of which requires 
less than fifteen minutes of actual working time, are as follows: 
Weigh out accurately 0.4 gram of the sample into a dry 200 cc. 
flask, add 5 cc. of 10 per cent. citric acid solution and Io 
cc. of ammonium molybdate solution’ and let stand ten minutes 
with an occasional shaking. Then add 5 cc. of magnesium sul- 
phate solution? and 15 cc. of 5 per cent. ammonia water and 
allow to stand a few minutes (not more than an hour). Now 
filter on a dry filter, take 20 cc. of filtrate and neutralize with 
5 per cent. hydrochloric acid, using methyl orange as indicator. 
Finally, add 10 cc. more of ammonium molybdate solution, make 


1 Kighty-eight grams in 500 cc. water. 
2 Sixty grams of crystallized salt in 500 cc. water. 
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up to 50 cc. and polarize in a 200 mm. tube. The rotation in 
minutes (if over forty), multiplied by 0.001168 and added to 
0.0075, gives the tartaric acid in grams. If less than forty min- 
utes (which would rarely be the case) the square root of the 
rotation value times 0.001601 plus the rotation value multiplied 
by 0.001086 gives the result in grams. 

The reason for the excess of ammonium molybdate solution 
used is that this substance has the property of greatly increasing 
the rotation of tartaric acid, so that the small rotation, due to 
traces of inverted starch (from a baking-powder for instance), 
is rendered entirely insignificant. 

This process, of course, gives no clue as to the proportion of 
combined tartaric acid when both cream of tartar and free tar- 
taric acid are present, as is often the case in many so-called 
“Cream of Tartar” powders. In the absence of any other potas- 
sium salt the potash: determination gives us means for cal- 
culating the potassium bitartrate. On account, however, of the 
great expenditure of time and labor required for this determina- 
tion (which must be preceded by a determination of mixed chlo- 
rides), the method was tried of calculating the combined tartaric 
acid (as potassium bitartrate) from the results of: (a) The 
determination of total alkalinity in the completely fused powder 
by titration with standard acid, and (b) the determination of 
carbon dioxide, in the original powder, by use of Knorr’s or a 
similar apparatus, when estimating the proportion of bicarbonate 
present. The amount of carbon dioxide corresponding to the 
total alkalinity of the fused powder minus that found in the 
bicarbonate estimation equals that corresponding to the potas- 
sium bitartrate present. From the amount of the bitartrate thus 
estimated and the total tartaric acid (determined with polariscope 
preferably) the quantity of free tartaric acid present can readily 
be calculated. 

This method was tried with several baking-powder mixtures 
with very satisfactory results. 

A. Straight cream of tartar powder: o5 gram sodium bicar- 
bonate, I gram potassium bitartrate and 0.5 gram starch. 

(a) One gram of the above was fused in a platinum 
dish by charring over an ordinary burner and then heating in a 
blast-burner until a white melt was obtained, which required 
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about five minutes. The residue was dissolved in water and 
titrated with decinormal sulphuric acid, using methyl orange 
as indicator. This required 56.25 cc., which, multiplied by 0.0044, 
gives the carbon dioxide corresponding to alkalinity of the fused 
mixture, or 0.2475 gram. 

(b) The carbon dioxide was determined in the remaining gram 
of the mixture in Knorr’s carbon dioxide apparatus. Found, 
0.13 gram, which corresponds to 0.248 gram of sodium bicar- 
bonate. 

Subtracting 0.13 gram CO, from 0.2475 gram CO, leaves 
0.1175 gram CO,, which is equivalent to 0.502 gram potassium 
bitartrate. 

B. Cream of tartar-tartaric acid powder: One gram sodium 
bicarbonate, I.5 grams potassium bitartrate, 0.5 gram tartaric 
acid and I gram starch, 

The total tartaric acid was first determined in 0.4 gram by 
Kenrick’s polariscopic method. Found, 0.17177 gram. 

(a) Fused and titrated, as in the above experiment, 0.4 gram 
of the mixture. Carbon dioxide corresponding to alkalinity, 
equaled 0.088 gram. 

(b) The sodium bicarbonate was estimated in 0.8 gram in 
Knorr’s apparatus. Found, 0.2001 gram, the weight of the CO, 
being 0.1048 gram. 

The CO, from 0.1 gram of bicarbonate (0.4 gram of mixture) 
would be 0.0524 gram. This subtracted from 0.088 gram CO, 
leaves 0.0356 gram CQO,, which is equivalent to 0.1521 gram 
potassium bitartrate, or 0.1214 gram free tartaric acid. This 
last figure, subtracted from the total tartaric acid, gives 0.05037 
gram as the amount of free tartaric acid found. 

To recapitulate, we will give the amounts of bicarbonate, bi- 
tartrate and tartaric acid taken for analysis in experiments A and 
B and the amounts found. 

Taken. Found. 


A. B. Bs B. 
Gram. Gram. Gram. Gram. 


Sodium bicarbonate.... 0.25 0.10 0.248 0.1000 
Potassium bitartrate..-. 0.50 0.15 0.502 0.1521 
Tartaric acid...-...e00+ +s. 0.05 wee 0.0504 


It will be seen from the above results that the free tartaric acid, 
as well as the starch, is without effect on the above fusion 
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method of estimating bitartrate and bicarbonate in a “Cream of 
Tartar” powder, the decomposition of the free acid being com- 
plete and without decomposing action on the carbonates already 
present or formed in the fusion. 

The potassium bitartrate result, it will be noticed, is a little 
too high. This was due to the dissolved fusion mixture being 
titrated to a full bright pink color, with methyl orange, which 
required a tenth of a cubic centimeter more of decinormal sul- 
phuric acid than did the titration to the first change in color. 
The potassium bitartrate, calculated from a titration —— 
this precaution, gave theoretical results. 

This method, which requires much less time than any meinod 
previously devised for cream of tartar or cream of tartar-tartaric 
acid baking-powders, has been suggested to the wrz.ter’s col- 
laborators in the Association of Official Agricultural Chemists 
official method work for further trial and criticism, and is now 
respectfully submitted to the analytical chemical public for the 
same purpose. 

With reference to the estimation of starch in these baking- 
powders, which is frequently desirable for completeness of legal 
evidence, the writer has found the simple method suggested 
by McGill’ to be fully as accurate and much easier of operation 
than the conversion into “dextrose” and estimation of copper- 
reducing power method. With powders containing alum or 
phosphates, singly or together, however, the results may be from 
I to 2 per cent. too high. The details are as follows: Digest 
I gram of the powder with 150 cc. of 3 per cent. hydrochloric 
acid for twenty-four hours, at ordinary temperature, with oc- 
casional shaking. Filter in a Gooch crucible, wash thoroughly 
with cold water, then with alcohol and finally once with ether. 
Dry at 110° C. for four hours, cool and weigh. Now burn off 
the starch and weigh again. The loss in weight is the weight 
of the starch present. 

In connection with the above work, the writer had occasion to 
test extensively the several qualitative tests for free and combined 
tartaric acid, given in the provisional official methods of analysis. 
The test for free tartaric acid, depending upon the solubility of 
the free acid in absolute alcohol and the insolubility of the bi- 
tartrate, worked very satisfactorily, there being no extracted 
matter giving a silver mirror when warmed with ammonia and 


! Bulletin 65, Bureau of Chemistry, p. 105. 
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a crystal of silver nitrate from a powder containing no free tar- 
taric acid. From a powder containing less than 0.5 per cent. of free 
tartaric acid, however, an extract giving a pronounced test was 
obtained. 

The so-called Wolff test for tartaric acid, either free or com- 
bined, in which 5 grams of the sample are shaken with 250 cc. 
of water for some time, filtered, the filtrate evaporated to dry- 
ness, a few drops of I per cent. resorcinol solution and 3 ec. 
strong sulphuric acid added and the mixture heated slowly with 
the development of a supposedly characteristic rose-red color 
when tartaric acid is present, proved to be very unsatisfactory 
in the writer's hands. Practically every usual adulterant of cream 
of tartar or baking-powder containing such, gave a similar color, 
or one easily confused with it, by the above test, when absolutely 
no tartaric acid, either free or combined, was present. 

The writer has always found the simple method of shaking a 
little of the sample with Ito per cent. ammonia water, filtering, 
adding a crystal of silver nitrate and warming (with the appear- 
ance of a silver mirror if free or combined tartaric acid be pres- 
ent) very satisfactory. No cream of tartar adulterant or sub- 
stitute or any other usual ingredient of baking-powders gave the 
least trace of a mirror by this test; and from the standpoint of 
time required it is, of course, much quicker than any test in- 
volving the evaporation of a large volume of water, as does the 
so-called Wolff test. The use of this simple test upon a portion 
of the sample for tartaric acid generally and the similar testing of 
the alcoholic extract from another portion for free tartaric acid 
leaves nothing to be desired along the line of qualitative tartaric 
acid tests in baking-powder analysis. 
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THE DETERMINATION OF WATER IN SUBSTANCES THAT 
ARE TO BE AFTERWARDS EXTRACTED 
WITH VOLATILE SOLVENTS. 


By R. M. BIRD. 


Received April 15, 1904. 
Durinc the course of an investigation it became necessary to 
determine accurately the water and fat in a large number of 


1 Rev. chim. anal. appl., 4, 263 (1899). 
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samples of butter, and a method was sought which would do 
away with the transferring of the butter from the drying dish to 
the extraction apparatus and the subsequent operation with the 
ether extract. The method herein described proved to be so 
convenient and expeditious and the apparatus so easily made that 
it is suggested to those who have much work of this kind to do. 
It makes use of a rapid current of hot, dry air, which removes 
the water very quickly. 

Apparatus.—A hot-air bath, arranged to determine five sam- 
ples at a time, is shown in Fig. 1 and in cross-section in Fig. 2. 
It is made from a gallop ‘friction top” can such as is used for 
‘wood filler,” syrups, etc. The flanges for the stoppers are sol- 
dered on, as shown in Fig. 2. The supports, dd, hold up a wire 
gauze shelf, S, which is about an eighth of an inch below the 
bottom of the crucibles, and catches them should they fall off the 
stopper while being removed from the bath. A rubber band is 
placed around the top 7, between a and b and makes an air-tight 
joint. Tube 4 is of glass, and a fine-mesh wire gauze, IV, rests 
on the bottom of the bath around its end. Only rubber stoppers 
are used and the system is air-tight except for the inlet and out- 
let tubes. The temperature of the bath is maintained at 98°- 
100° C., and dry air is drawn in through tube 4 and out through 
the crucible and tube B by means of a suction-pump or aspirating 
bottle. A wide-mouthed bottle, with six tubes through its stopper, 
will permit the draft for five determinations to be generated by 
a single filter-pump. The thermostat is not necessary, as the tem- 
perature can be easily regulated with a screw pinch-cock on the 
burner tubing. 

Determination of Butter—A platinum or porcelain Gooch cru- 
cible is filled about two-thirds full with loosely packed asbestos 
fiber,! on top of which is placed a Witt plate. It is dried in the 
apparatus for about five minutes and counterbalanced on the 
balance.. One and a half to two grams of butter are delivered 
from a pipette on to the Witt plate,” the crucible is placed in the 
bath, as shown in Figs. 1 and 2, and a rapid current of air drawn 
through it for twenty to thirty minutes. The loss in weight 
represents the water. Our practice is to pass air through a 


1 The asbestos is previously extracted with ether and dried. 
“ The butter will usually solidify on the plate if it is about the consistency of thick 
cream when drawn from the sample—the best condition for accurate work. 
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Fig. a 
second time for five or ten minutes and reweigh, although there 
is rarely any material change after drying twenty minutes. 


The crucible is now placed in the extraction apparatus, shown 
on the right of Fig. 1, and extracted with ether until its weight 
is constant after drying five to ten minutes in the hot-draft bath; 
the loss represents the fat. If the ether is boiled so as to flow 
from the condenser in a stream the extraction usually takes from 
thirty to fifty minutes. 
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A convenient extraction apparatus is made from a glass sam- 
ple jar with a metal screw top. A hole is made in the top for 
a cork, through which passes the condenser tube. The crucible 
is supported on a glass tripod. A jar and condenser arranged 
for a mercury seal is rather more economical with ether, but 
hardly more convenient. The ether may be recovered from the 


extract. ; 

Discussion.—As will be seen, the method is a convenient and 
rapid one—counterbalancing the prepared crucible, taking 
weight with butter in it, passing current of air fot twenty to 
thirty minutes, taking weight, extracting for about forty-five 
minutes, drving for five minutes, taking weight. It is more con- 
venient to determine five samples at once and weigh by method 
of differences against a constant counterbalance. 

As the hot, dry air comes in contact with the solid butter it 
absorbs the water from the thin film formed on the surface almost 
immediately, and the capillary action of the fiber draws away the 
butter as fast as melted. 

The accuracy of the method is equal to that of the official 
method, as will be seen by reference to Table I, and the saving 
in time is very great. The results agree entirely with those ob- 
tained by the official method. Unusual care was taken in making 
the determinations recorded here, especially in drawing butter 
from the sample, which was generally made to the consistency 
of thick cream so as to avoid the least difference of water in 
different parts while taking amounts for check analyses. The 
percentages of water, shown in Table I, are based upon the first 
reweighing which showed a minus change of less than one-tenth 
of one per cent. 


TABLE I.—WATER IN BUTTER. 
A. O. A. C. official method. Current of dry, hot air. 





Mean. Mean. 
Per Per Time. Per Per 
No. Kind. Hrs. Min. cent. cent. Min. cent. cent. 


3to1oc Creamery! 14.68? 32 15.30 
30 15.74° 20 15.04 
15.26° 20 14.98 
I 19 15-35° —I5.1I 
r 19 15.75 
-15.36 
1 Additional butter was worked irto sample. ‘ 
2 Dried in flat-bottomed dish, surface 72 sq. cm., nothing in dish. 
3 “ngairr rt “ uae ae aad os gas 
: SS = ls 43 bie asbestos ‘ 
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TABLE I.—( Continued). 
A. O. A. C. official method 





Current of dry, hot air. 















Rancid creamery 





33 to 342 


35 to 36 Renovated butter 2 05 


No. Kind. Hrs. Min. 
II to 16d ‘és 4 30 
4 
17 to 20e - 4 
4 
23 to 28/ as 
2 
29 to 30g Butterine 2 05 
31 to 324 Poor country 2 05 








Mean. 
Per Per 
cent. cent. 


12:67 
12.79} 
—-——12.73 
13.20! 
13.58! 
== 1339 
8.44° 
8.54° 
— 8.49 
8.74 
8.74 
13.074 
13.07 
14.28! 
14.28 


14.114 








Time. 


Min. 
21? 
21 


20 
20 


15 
15 


30 


30 





30 


3° 





Mean. 
Per Per 
cent. cent. 


12.54 
12.22 
—12.38 
13.30 


13.90 
——13.60 









8.43 



























37 to 38% Creamery® 2 05 





I Periods 
Quantity of heating. 
taken. os 
No. Kind. Grams. Hrs. Min. 
Ia@ Creamery 1.7396 30 
15 
I§ 


15 
26 J 1.7637 10 


2 Water was worked out of sample. 

3 Dreid in flat-bottomed dish, surface 43 
cx Mas? ae “ “ 43 
o 








5 Additional butter was worked into sample. 


Changes 
in weight 


30 


TABLE II.—CHANGES IN WEIGHT OF BUTTER WHEN DRIED IN 
FERENT WAYS. 


of sample. Water. 
Per cent. Per cent. 


— 16.458 
— 0O.115 
+ 0.040 
— 0.057 
— 12.406 
— 0.334 
+ 0.017 
— 0.005 
— 15.295 
+ 0.007 
+ 0.007 
— 0.014 


sand e 
nothing ‘‘ 


16.57 


12.74 





1 Dried in flat-bottomed dish, surface 72 sq. cm., nothing in dish. 
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Current of 
hot, dry air. 
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TABLE II.—( Continued). 
Periods Changes 
Quantity of heating. in weight 
taken. —-—~——— of sample. Water. 
Kind. Grams. Hrs. Min. Per cent. Per cent. Method. 
Creamery 1.5055 20 — 15.038 15.04 Current of 
+ 0,106 hot, dry air. 


1.4162 14.977 14.98 
0.007 " 
2.4790 14.68 14.68 Official! 
O.II 
1.9130 15.735 
0.052 
0.010 
0.110 


15.145 
0.115 
0.027 
0.054 
15.298 
0.059 
0.072 
0.033 
0.131 
— 15.668 
— 0.086 
— 0.044 
— 0.044 
0.056 
12.411 Current of 
0.133 hot, dry air. 
0.013 
— E2455 
— 0.056 
+ 0.006 
2.0015 6.124 : Official*® 
0.005 
1.6650 — 7.928 
+ 0.012 
2.8050 30 — 12.67 
30 —. O.3E4 


16d 2.6610 4 — 12.79 


KE 30 + 0.071 
1 Flat-bottomed dish 72 cm. surface, nothing in dish 

2 “ 4g “a 2 ie 8 

3 su = ey asbestos * 
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TABLE II.—(Continued). 
: Periods. Changes 
Quantity ofheating. in weight 
: taken. - of sample. Water. 
No. Kind. Grams. . Min. Percent. Percent. Method. 
17e Creamery 1.6312 — 13.297 13.30 Current of 
— 0.018 hot, dry air. 


— 0.036 
1.5982 — 13.898 
— 0,063 
— 0.081 


— 13.20 
+ 0.156 


— 13.58 
+ 0.156 


9.185 
0.031 
8.552 
0.060 


8.427 Current of 
0.081 hot, dry air. 


8.445 . = 
0.074 


8.436 ; Official? 
8.538 - 


sal 


8.013 
0.151 


8.447 

0.160 
Butterine 8.807 5 Current of 
0.040 hot, dry air. 

0.010 


8.739 : Official.* 
— 0.022 
— 0.026 


31h Poorcountry 1.5079 — 13.025 i Current of 
butter. — 0.080 hot, dry air. 
— 0.020 
32h 1.7538 — 13.073 Official." 
— 0.070 
30 + 0,040 


1 Flat-bottomed dish, 72 cm. surface, nothing in dish. 


“ 


. 43 “ = asbestos “ 
4a ** . nothing ‘‘ 
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TABLE II.—( Continued. ) 
Periods. Changes 
Quantity of heating. in weight 
taken. —-—-— ofsample. Water. 
Kind. Grams. Hrs. Min. Percent. Percent. Method. 


Rancid butter. 1.3670 30 — 14.623 14.62 Current of 
20 — 0.073 hot, dry air. 
— 0.036 
1.5790 —- 14.281 14.28 Official. 
— 0.000 


Renovated 1.5081 13.017 13.02 Current of 
butter. 0.053 hot, dry air. 
0.007 
1.6949 14.113 Official.! 
0.041 
0.018 


37m Creamery. 1.4704 15.853 15.85 Current of 
— 0.000 hot, dry air. 
38m ‘ 1.5613 — 15.634 15.63 Official!. 
— 0.039 
30 + 0.039 


Table II shows, in detail, the changes in weight during vary- 
ing periods of heating, for both the official method and the 
method here described. As has been often noticed, there are 
apparently three changes taking place when butter is being dried 
(loss of water, loss of other volatile constituents and oxidation 
which causes an increase in weight) and a sample loses weight 
rapidly at first, then slowly and finally shows a small increase. 
In drying in a bath heated by boiling water these changes are 
somewhat more marked than is the case when dried by the hot 
air current. The reason why the weight soon comes to a practical 
standstill in the method proposed is probably because the drying 
takes place at a temperature too low to volatilize much else be- 
sides water or to cause much oxidation. Sample 4c (Table II) 
changed, after twenty minutes, only one-tenth of one per cent. 
on passing the air through it for two hours; this was a net gain. 
While it at first seems strange, yet the temperature in the crucible 
at the surface of the asbestos never rose above 70° C., and rarely 
above 60° C., although the bath temperature remained at 98°- 
100° C., the bulb of the bath thermometer being as shown in 
Fig. 2. 


1 Flat-bottomed dish, 43 cm. surface, nothing in dish. 
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The results, by the official method, of 13 and 14d, and 21 and 
22e are very singular and inexplicable to us. These four (d and 
e, each in duplicate) were weighed out at one sitting and 
dried in a bath, heated by boiling water, which was in action 
constantly from morning till night for days before and after this 
particular lot was dried (alone). The weights came to a stand- 
still and the percentages in one case agreed closely, yet the figures 
are something like half the true values, They are given here 
merely as a matter of record, although we were unable to find a 













cause for the queer conduct. 
To show the time required for extraction, four determinations 
of fat are given in Table III. 
TABLE III.—EXTRACTION OF FAT. 















Change in 
Quantity Periods of weight of 
taken. extraction. sample. Fat. 
No. Grams. Minutes. Per cent. Per cent. 

47 1.6494 30 — 84.92 
20 — 0.05 

15 — 0.02 84.99 
48 1.6116 20 — 88.18 
30 — 0.61 

15 — 0.00 88.79 
49 1.6312 45 — 84.02 

15 — 0.05 84.07 
50 1.4076 45 —82.23 

15 — 0.04 82.27 





The method is applicable to various other substances, the 
proper gas being aspirated through the apparatus, and the pres- 
sure reduced if this is desirable. With finely ground material, a 
layer of asbestos should cover the bottom of the crucible and a 
plug of cotton placed in the inner end of the outlet tube, to insure 







against loss. 
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A COPMPARISON OF THE HALOGEN ABSORPTION OF OILS 
BY THE HUBL, WIJS, HANUS, AND 
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Received May 26, 1904. 
Tue Hiibl method for determining the iodine absorption of oils 
and fats is the official method, but it has several faults which 
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affect its accuracy. First, the solution rapidly loses strength if 
made up as the official method directs, and in a week or so is unfit 
for use; second, it is so slow in its reaction with some of the oils, 
such as linseed, that a serious error is brought about by the change 
in strength in the solution during the reaction. Wijs' shows 
how great this error might be, and the following table shows how 
much difference the time of titrating the blank makes in the iodine 
number. 


TABLE I.—IODINE NUMBER OF LINSEED OIL BY THE HUBL METHOD. 


Time of absorption. Blank titrated Blank titrated 
Hours. at beginning. 


2 173-74 
7 177.65 
24 181.89 


These figures show a decrease in the iodine number after seven 
hours, if the blank is titrated at the end of the determination. 
Wijs considers that the true iodine number in this case lies be- 
tween 173.7 and 181.89. This change in strength can be greatly 
lessened by using purified absolute alcohol, but even under these 


conditions the solution soon becomes so weak that it is of no 
further use. 

Another objection to the Hubl method is that practically each 
analyst employs a modification of his own, especially, as regards 
the time necessary for the solution to remain in contact with the 
oil; and, as is well known, very different results are obtained in 
this way on the same oils, which results have been collected as 
data obtained by the Hiibl method. The following directions 
from various authorities as to the time needed for the 
Hiibl test show how varied is the practice in this regard. 
Allen? recommends two hours. Our official method requires 
three hours. Lewkowitsch* recommends four hours. Wijs* 
showed that with linseed oil seven hours was necessary, and it is 
a very common practice among analysts to allow from eighteen to 
twenty-four hours. These different practices can not fail to 
bring about diverse results. 

In order to determine which of these methods would be the 
most satisfactory, the following work was undertaken. 


1 Chem. Rev. Feit u. Hartz-Ind., 6, 6 (1889). 

2 “* Commercial Organic Analysis,’’ Vol. II, Part I, p. 64. 
“* Chemical Analysis of Oils, Fats, and Waxes,’’ 1899, p. 173. 
Chem. Rev. Fett u. Hartz-Ind., 6, 7 (1899). 
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THE WIJS SOLUTION. 


Wijs’ directs that there be an excess of 70 per cent. of the 
iodine added in the determination in order to insure complete and 
rapid absorption, but the results on linseed oil given in Table II 
indicate that such a large excess is unnecessary. In each of the 
determinations 0.1500 gram of linseed oil was used and the solu- 
tion was allowed to stand thirty minutes in contact with the oil. 


TABLE II.—IODINE ABSORPTION OF LINSEED OIL WITH VARYING EXCESS. 
Amount of iodine 
Wijs Value in absorbed in Excess 


solution. N/1o iodine. N/10 iodine. Iodine of iodine. 
ce: ce, ce. number. Per cent. 


25 61.28 23.16 193.4 62 
20 49-35 23-13 193.7 53 
15 37.08 23-13 193.7 37 


These figures show that with an excess of only 37 per cent. the 
same results were obtained in thirty minutes as with an excess of 
62 per cent. Linseed oil was used on account of its high iodine 
number and because it takes longer to obtain complete absorption 
with it than with oils of a lower iodine value. This smaller excess 
effects a great saving in solution and makes titrations more rapid. 
This smaller excess does not greatly affect the speed of reaction, 
as is shown in Table III. 


TABLE III.—EFFECT OF EXCESS OF THE WIJS SOLUTION ON SPEED OF 
REACTION. 


Iodine numbers. 





Time. Excess of iodine, Excess of iodine, 
Minutes, 62 per cent. 27 per cent. 


I IQI.1 189.0 
5 191.9 191.2 
IO I9I.I 191.4 
15 191.7 191.4 
30 192.3 191.4 
60 193.1 cece 


These results show that the reaction between the Wijs reagent 
and the oil is very rapid, even with only 37 per cent. excess. 

Table IV shows that when the determinations are made in the 
light the iodine number seems to increase up to a definite point 
where it remains constant for a short time, then gradually in- 


1 Ztschr. far Nahrungs und Genus., §, 499 (1902). 
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creases up to four hours with no tendency to remain constant. In 
the dark the iodine number remained constant from one to two 
hours. 


TABLE IV.—IODINE NUMBER OF LINSEED OIL BY THE WIJsS SOLUTION. 
Iodine numbers. 





Time. 

Minutes. In light. In dark. 
I 192.4 186.1 
193.1 192.6 


30 193 192.9 


ui 
60 194.1 193.5 
+7 193.4 


120 194 
240 195-7 
TABLE V.—EFFECT OF TIME AND LIGHT ON THE WIJS AND THE HANUS 


SOLUTION. 
Iodine numbers. 





Time. 
Wijs. In light. In dark. 


30 minutes 191.9 192.1 
5 hours 194.0 193.0 
Hanus. 
30 minutes 189.1 189.2 
5 hours 191.9 192.1 

It will be noticed from these results that on the Wijs solution, 
standing thirty minutes, the light has no effect; the same may be 
said of the Hanus. In the five-hour test two effects are noted in 
the Wijs, namely, there is a very slight increase iw the iodine 
number over the figures obtained in thirty minutes, and the results 
obtained in the light are slightly greater than those obtained in 
the dark. With the Hanus solution there is a slight increase in 
five hours over thirty minutes, but no difference in light or dark 
This would indicate that it is not necessary to stand either the Wijs 
or Hanus solution in a dark cupboard when thirty minutes are 
allowed for the reaction. 

This increase of absorption on long standing is probably due to 
secondary reactions as is shown in the results with iodine chloride 
in carbon tetrachloride given in Table VI. Upon standing longer 
than thirty minutes, substitution takes place and longer standing 
shows a remarkable, though gradual, change in the results. 

TABLE VI.—IODINE NUMBER BY IODINE CHLORIDE IN CARBON TETRA- 


CHLORIDE, 


Time. 
Hours. Total. Addition Substitution. 


5 210.8 184.9 12.9 in light 
5 204.8 190.9 6.9 in dark 
I 198.6 194.2 2.2 in light 
4 195.2 194.6 0.80 in light 


> 
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These figures show that the addition apparently decreases with 
time after one hour, with a gradual increase in the total amount 
of iodine entering into combination. This indicates that with 
iodine chloride in carbon tetrachloride, standing longer than thirty 
minutes is no advantage and longer than one hour gives entirely 
unreliable figures. It seems probable that the same thing will be 
shown with iodine chloride in acetic acid, although to a much 
less extent, and that long standing gives untrue results. With 
iodine bromide in carbon tetrachloride the secondary reactions 
are much weaker, but the gradual increase up to eighteen hours’ 
standing with the Hanus solution is doubtless due to the same 
cause. This indicates that there is a maximum as well as a 
minimum time which should be allowed for the reaction, and for 
the \,1js solution this limit is between fifteeen minutes and one 
hour, the advantage being with the shorter time rather than the 
longer, thirty minutes being satisfactory for either solution. 


THE HANUS SOLUTION. 


Hanus' also advises an excess of 70 per cent. in order to 
insure complete absorption, and the results given in Table VII 


show that nearly this large excess is necessary to obtain complete 
absorption on linseed oil in thirty minutes. 


TABLE VII.—IODINE NUMBER OF LINSEED OIL WITH VARYING EXCESS 
OF IODINE. 
Amount of iodine 
The Wijs Value in absorbed in Excess 
solution. N/ro iodine. Niro iodine. Iodine of iodine. 
ce. ce, cc. number. Per cent. 
25 54-7 23.26 196.3 57 
20 44.08 22.73 191.9 48 
15 33-06 21.86 184.5 34 


These figures, if compared with Table II, show how much 
slower in reaction the Hanus solution is than the Wijs, and how 
much greater excess is needed to produce the same results. Table 
VIII also brings out the slowness of the Hanus solution as com- 
pared with the Wijs. 


TABLE VIII.—IODINE NUMBERS BY HANUS SOLUTION IN VARYING TIMES. 


Time. Iodine No.1. Iodine No.2. Iodine No.3. Iodine No. 4. Iodine No. 4. 
Minutes. In light. In light. In dark. In dark. In light. 


I 164.8 164.6 166.9 cece Beis 


5 178.9 a = enaee mess 
1 Ztschr. fir Nahrungs und Genus., 4, 913 (1901). 
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TABLE VIII.—( Continued). 


Time. Iodine No.1. Iodine No. 2. Iodine No.3. Iodine No. 4. Iodine No. 4. 
Minutes. In light. In light. In dark. In dark. In light. 


10 181.3 182.2 187.7 ee 
I5 184.6 186.7 ie Sale ee 
30 185.6 187.5 19I.0 189.2 189.1 
Hours. 
I 185.6 187.5 191.3 
188.5 191.0 
189.5 


192.1 191.9 


193-3 
These results on samples of linseed oil by different analysts 
show that it takes thirty minutes by the Hanus solution to reach 
the constant stage which is reached by the Wijs in ten minutes. 
The absorption is constant from thirty minutes to one hour and 
then begins the gradual rise, as was the case with the Wijs, and 
the same explanation is suggested. The Hanus is less affected 
by light than the other solutions. 
BROMINE SOLUTION AND CARBON TETRACHLORIDE AS A SOLVENT IN 
THE WIJS AND HANUS METHODS. 


In connection with the work of testing the Hanus and Wijs 
solutions, it was thought well to test the bromine solution pro- 
posed by Mellhiney and also the substitution of carbon tetra- 
chloride as a solvent, for acetic acid, in the Hanus and Wijs 
methods. The advantage of this solvent is that it is neutral and 
permits of an estimation of the substitution which takes place in 
the reaction between the oil and the halogen. It was thought 
that if a change was to be made in our present method and any 
information of added value could be obtained by the use of a 
solvent of this nature, it would be well to adopt at this time the 
best method obtainable. 

Solutions of iodine chloride, iodine bromide, and bromine in 
carbon tetrachloride were prepared, using the same strength as 
in the Wijs and Hanus methods and approximately N/3 bromine, 
as directed by MclIlhiney. A solution in carbon tetrachloride of 
linseed oil of known purity was prepared and used in most of the 
experiments. The actual amount of oil used in each test was 
affected to a very slight degree by changes in temperature. As a 
rule, a fresh solution was made up for each set of tests and only 
very slight variations were found in the iodine numbers obtained 
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by the Wijs and Hanus solutions in acetic acid at any time. In 
each determination 0.1500 gram of oil was used, which made 
it possible to regulate the excess of reagent and other conditions 
very exactly. 

With these solutions several questions were to be decided: 

1. How do the results obtained compare with those given by 
other solutions, especially the Hubl? 

2. How long a time is required to obtain maximum figures? 

3. Does water affect the amount of substitution? 

4. How does light affect the reaction between oil and the 
halogen ? 

5. Does the age of the solution affect the results? 

In the following results all figures are calculated to iodine for 
the sake of comparison. 

The bromine solution will be considered first, the figures be- 
ing given in Table IX. 

Table IX gives a comparison of the values obtained by the 
different methods on a sample of oil giving a Hibl number of 
180. The solutions were all freshly prepared and chemically 
pure carbon tetrachloride, perfectly dry, was used in making 
them up. The results obtained show a very satisfactory agree- 
ment. The substitution figures are very small in all the solutions 
and appeared only after long standing in the Wijs and bromine 
solutions, being largest with the Wijs. The maximum adciticn 
figure was not reached with any of the solutions in less than one 
hour, as is shown in Table IX. The results with the bromine 
solution were so different from those obtained on the same oil 
with other bromine solutions that the cause was sought with con- 
siderable interest. The relative speed of these solutions is about 
the same as with acetic acid as the solvent, as might be expected. 
The Wijs reagent is by far the most active, as shown in the other 
cases. 

First a little water was added to the solution of oil in carbon 
tetrachloride; then the fresh bromine solution was added and al- 
lowed to stand in the light for one hour and no substitution was 
shown, but when the water was added to the oil solution in car- 
bon tetrachloride and thoroughly shaken so that the water was 
taken up by the carbon tetrachloride, the following results were 
obtained, the other conditions being the same: 





TABLE IX.—IODINE NUMBERS OBTAINED BY THREE DIFFERENT METHODS. 


The Wijs method. The Hanus method. 


we - re 


OF OILS. 


Carbon tetrachloride. Carbon tetrachloride. Bromine method (in light). 
Time. Acetic Substitu- Acetic Substitu- Substitu- 
Minutes. acid. ‘Total. Addition. tion. acid. Total. Addition. tion. Total. Addition. tion. 


I 186.1 ets coe 166.9 164.0 164.0 0.0 156.3 156.3 0.0 
2 oe we 192.8 \ 0.0 bban oe o's ooee ee Pra eeee 
10 192.6 193.6 : 0.0 187.7 182.5 182.5 0.0 tees sees 


ee ee sees oe wees were 








z 
ie} 
= 
a 
oy 
“a 
° 
n 
Q 
< 


eeee o- sees ones 


30 192.9 195.2 0.80 1QI.1 188.6 188.6 193.2 193.2 
60 193.5 198.6 : 2.20 191.3 189.7 189.7 r 197.0 197 0 
193.4 Sues ee 191.0 eo 6 sere 196.7 194.2 


HALOGEN 
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TABLE X.—BROMINE ABSORPTION WITH SOLUTION OF OIL IN ONE Howr. 
Oil solution. Total. Addition. Substitution. Condition. 
217.6 163.9 26.87 Light 
166.0 0.0 Dark 
197.4 0.0 Light 
166.7 0.0 Dark 


These figures show conclusively that with the bromine solution 
moisture and light atfect most remarkably the reaction between 
the oil and the bromine. The fact that a little water added to the 
solution did not affect the results can be explained on the ground 
that no mixture of the water with the carbon tetrachloride solu- 
tion of the oil had taken place. When the water was mixed with 
the solution and the flask was in the light a substitution of 26.87 
was obtained, but when the flask was set in the dark there was no 
substitution. The addition figures in both cases are practically 
the same, but do not agree with the addition figures obtained on 
the dry oil in the light. 

This brings us to the conclusion that the bromine solution does 
not substitute in the light in the absence of moisture, or at least 
only very slightly; that it does not substitute in the dark even 
in presence of moisture, and also does not add to the same 
extent as it does in the light ; that the bromine solution in the light 
and in the presence of moisture and oil forms hydrobromic acid, 
the amount formed being dependent almost entirely on the time 
of contact between the oil and the bromine. The blanks of the 
solutions showed no formation of acid at ali. As the solutions of 
bromine previously used had always given considerable substitu- 
tion, fresh solutions of bromine, iodine chloride, and iodine 
bromide in carbon tetrachloride were placed in glass-stoppered 
flasks and used from day to day to see what effect the age of the 
solution had on the amount of substitution. The results are 
shown in Table XI. 

Table XI shows how much variation tnere is in the results by 
the bromine solution when the same solution has been used. The 
only varying factors are the amount of light due to weather con- 
ditions and the amount of moisture which may be absorbed by 
the carbon tetrachloride solution of bromine. The absorption of 
moisture seems to be the only explanation of the great change 
which takes place on standing The titer of the bromine solution 
remains practically constant, showing only a very slight change. 
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TABLE XI.—EFFECT OF AGE OF SOLUTION ON JODINE NUMBERS AND 
AMOUNT OF SUBSTITUTION. 
(In light one hour.) 


Iodine chloride in car- Iodine bromide in car- 
Bromine. bon tetrachloride. bon tetrachloride. 








Addi- Substi- Addi- Substi- Addi- Substi- 
Total. tion. tution. Total. tion. tution. Total. tion. tution. 


197.0 197.0 0.0 198.4 194.2 2.20 189.7 189.7 0.0 

fara seats +» 199.2 194.4 2.40 190.0 190.0 0.0 
195.7 191.2 2.32 197.9 193.2 2.33 190.3 190.3 0.0 
200.6 - 189.9 5.41 200.4 198.7 0.86 192.3 192.3 0.0 
196.2 194.5 0.386 sees 


200.6 193.8 3.44 190.0 188.1 c.86 


219.1 162.9 28.16 

(In dark one hour. ) 

13 166.7. 166.7 0.0 ane aed wes ae ere “is 

10 eee nee 200.4 194.1 3.18 Ig1.1 189.1 0.94 

That the amount of light may affect the results by the bromine 

solution to a great extent was shown by the following experi- 
ments: 

The bromine solution in contact with the oil was exposed to 
direct sunlight for two minutes and a duplicate was kept in the 
dark two minutes. The total absorption in the first case was 
204.7, addition 166.1, substitution 19.30; in the second case the 
total was 179.7, addition 165.2, substitution 7.29. On the Wijs 
and Hanus solutions age has very little effect, and it makes no 
difference whether the reaction takes place in the dark or light 
as to the amount of substitution or addition when only thirty 
minutes are allowed for the reaction; if five hours are allowed, as 
shown in Table VI, light greatly increases substitution. 

These results would indicate that in the light with a dry solu- 
tion, bromine will give the same addition numbers as the Wijs 
and Hanus solutions, but in the dark it does not give addition 
values which have any relation to those given in the light. The 
presence of moisture and light gives results of no value at all. If 
the determinations are made with dry reagents in the dark, com- 
parative results can be obtained, but these results can not be com- 
pared with figures given by any other methods. From this work 
it is concluded that the bromine solution is exceedingly unreliable, 
being affected by conditions hard to control, that the solutions of 
iodine chloride and iodine bromide in carbon tetrachloride are 
much less affected by these conditions and give much more satis- 
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factory results which are comparable with those obtained by the 
same reagents in acetic acid, but that these solutions are affected 
to a greater or less degree by the presence of moisture and for 
ordinary work would not be satisfactory substitutes for the Hubl 
method. The following results on moist solutions of oil show 
that the iodine chloride and iodine bromide solutions are not 
affected by the presence of light or moisture in thirty minutes. 


TABLE XII.—EFFECT OF LIGHT AND MOISTURE ON IODINE NUMBERS WITH 
IODINE CHLORIDE AND IODINE BROMIDE SOLUTIONS. 
Solution. Total. Addition. Substitution. Conditions 
IClin CCl,.- 200.9 192.4 4.25 In light 30 minutes. 
++ 200.9 192.4 4.25 In dark 30 minutes. 


IBrin CCl,--- 191.2 187.7 1.75 In light 30 minutes. 
os +++ IQI.2 187.7 1.75 In dark 30 minutes. 


The chief use of any solution of this Kind is in the detection of 
such substances as rosin oil and similar products, as the reaction 
between the oil and halogen is chiefly by substitution, and a 
solution which gives varied results would be unsatisfactory. The 
following results on rosin oil show that the Wijs reagent in car- 


bon tetrachloride is as active as the bromine, and on account of 
its other advantages would be a much more satisfactory solution 
to be used for this determination. 


TABLE XIII.—IODINE NUMBERS OF ROSIN OIL IN THIRTY MINUTES. 
Solution. Total. Addition. Substitution. 


TChiniCEl, <+<-- eae ceive 57. 5.46 125.7 
IBr in CCl, , 24.50 83.8 
5.46 125.7 

The iodine bromide reacts very slowly and gives quite different 
results from the other solution, while iodine chloride and bromine 
give the same results, so that the iodine chloride would be the 
most satisfactory solution for this work. But it does not appear 
that any of these solutions can be satisfactorily substituted for the 
Wijs, Hanus, or Hubl in the ordinary work, as they give results 
not comparing well with present data, require many special pre- 
cautions, and vary in their reaction with age. 

Carbon tetrachloride, which had been recovered by distilling 
and drying with calcium chloride and then redistilling, aeted 
much the same as carbon tetrachloride, which had been shaken 
up with water, giving large substitution values. We were not 
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able to prepare a recovered product so that it would give the re- 
sults obtained with Kahlbaum’s chemically pure, dry carbon tetra- 
chloride. 

As a result of this work the following conclusions are offered: 

(1) That much better results are obtained by the Wijs and 
Hanus solutions than by the Hubl. 

(2) That the Hanus solution gives results much more closely 
agreeing with the existing data and is easier to prepare, but an 
excess of 60 to 70 per cent. is necessary to obtain quick action. 

(3) That the Wijs solution is more rapid in its action, and an 
excess Of 35 per cent. is sufficient, effecting a large saving in re- 
agents and time of titrating, but it gives higher results. 

(4) That thirty minutes is sufficient time for the action of 
either the Hanus or Wijs solution. 

(5) That acetic acid is a better solvent for the work than car- 
bon tetrachloride. 

(6) That the bromine solution or iodine chloride or iodine 
bromide in carbon tetrachloride are not satisfactory for ordinary 
work. 


(7) That iodine chloride in carbon tetrachloride is the most 
satisfactory solution, if determination of substitution is to be 


made. 

(8) That both the iodine chloride and iodine bromide, being 
much less volatile than the bromine, there is much less danger of 
loss in that way with the former reagents. 

The author wishes to acknowledge the assistance of Mr. Albert 
F. Seeker, of this laboratory, who repeated a large amount of 
the analytical work as a check on the results. 


[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY, WASHINGTON AGRI- 
CULTURAL COLLEGE AND SCHOOL OF SCIENCE. ] 
ON THE REACTION OF LARD FROS1 COTTONSEED MEAL- 
FED HOGS, WITH HALPHEN’S REAGENT. 


By ELTON FULMER. 


Received March 18, 1904. 
In December, 1902, we published’ some results obtained by 
the application of Halphen’s test to samples of lard rendered from 
the fat of hogs which had been fed with a ration containing 


1 This Journal, 24, 1148-1155 (1902). 
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cottonseed meal. It was shown that lard obtained from the fat 
of two lots of hogs, six in each lot, which had received 66'/, 
pounds, and 135'/,, pounds cottonseed meal, respectively, during 
a period of fifty-six days, gave a coloration with Halphen’s re- 
agent equivalent to that given by mixtures containing 2 and 4 per 
cent. of cottonseed oil. It was further shown that the lard ob- 
tained from the fat of two similar lots of hogs, which had eaten 
no cottonseed meal for a period of fifty-six days, but whose ration 
prior to the experiment had contained some of it, responded to 
the test with an intensity of color equivalent to that given by 1.2 
per cent. and 2.8 per cent. cottonseed oil in admixture with nor- 
mal lard. 

It was stated at this time that a series of feeding experiments 
had been planned so that samples of lard might be obtained from 
the fat of hogs which had eaten varying amounts of cottonseed 
meal per day for the same period of time, and the same amount 
per day for different periods of time. These feeding experiments 
began January 29, 1903, and closed April 23, 1903, except in case 
of lot IV, with which the feeding of cottonseed meal continued 


until May 7, 1903. Twenty-three hogs were used, being divided 
for the purpose of the experiments into four lots. Lots I and II 
contained each six animals; lot III, eight; and lot IV, three. 


RATIONS FED. 

Lot I received '4 pound cottonseed meal per day for each ani- 
mal, with chopped wheat sufficient to make full feed. 

Lot II was given % pound cottonseed meal per day for each 
animal, their grain ration being chopped barley. 

An attempt was made with lot III to keep the amount of cotton- 
seed meal equal to one-fifth of the grain ration, although it could 
not be kept up to this high proportion all the time. Chopped oats 
were fed until February 18th, and chopped barley for the re- 
mainder of the period. 

The three animals in lot IV were fed all the time as much 
cottonseed meal as they could be forced to eat, with the view of 
killing them, if possible, by overfeeding. It will be noted in sub- 
sequent pages that the amounts actually eaten by them were very 
large, but their health was apparently unaffected. Their grain 
ration consisted entirely of chopped wheat. 
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All four lots were allowed freedom for exercise, received 
plenty of water, and were given an abundance of succulent food 


in the shape of carrcts and sugar-beets. 

()ne animal each from lots IJ, IJ and III, was killed at the end 
of the second, fourth, sixth, eighth, tenth and twelfth week. One 
of the two remaining in lot III was killed July 26th, three months 
after receiving the last ration of cottonseed meal, while the other 
was not killed until September 2oth, five months after the close 
of the feeding period. Two animals of lot IV were killed at 
the end of fourteen weeks, the remaining one, which was in per- 
fect health, being kept for farm stock. 

\When each animal was killed, four samples of fat were ob- 
tained by the writer, taken from the jowl, back, intestines and 
kidney, and in several cases a sample was also taken from the belly. 
Within a few hours after the fat was obtained, it was rendered in 
the laboratory, at low temperatures, in porcelain-lined kettles. 
Except in a very few instances, a sufficient amount of fat was 
used to yield at least one pound of lard. Each sample of lard 
thus obtained was treated with Halphen’s reagent in the usual 
manner. In each test were employed 5 cc. lard, 5 cc. amyl alco- 
hol, and 5 cc. carbon disulphide containing I per cent. of sulphur. 
Check samples were freely employed, using lard from hogs raised 
on the normal feed produced in this section. In no case was the 
slightest coloration observed with them. 

For purposes of comparison, mixtures were made with check 
lard containing various known percentages of cottonseed oil. 
Preliminary tests were made to determine the approximate de- 
gree of coloration produced by Halphen’s reagent with the sev- 
eral lards, and then those lying between certain limits were 
heated simultaneously in a bath of glycerol and water, together 
with known mixtures. For example, those samples showing a 
coloration equivalent to less than 2 per cent. cottonseed oil, were 
treated with Halphen’s reagent, and then heated to 110° C. for 
fifteen minutes, side by side with mixtures containing 0.5, I, 1.5 
and 2 per cent. of the oil. 

In this manner uniformity of conditions was insured. Similarly, 
all the samples showing in the preliminary test an equivalent 
greater than 2 per cent. cottonseed oil were treated in groups, 
with known mixtures in which the oil content differed increas- 
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ingly by 1 per cent. The heating of so many samples in open 
test-tubes was a disagreeable operation owing to the odors 
evolved. Hence we regard the suggestion of Steinmann’ that the 
operation be carried out in sealed glass tubes, as a timely one. 
It is claimed that by this method the reaction takes place as 
quickly, and is as plain as when the test is conducted according 
to the original method. 

The cottonseed oil used in preparing the known mixtures was 
“Prime Summer White.” Its iodine value was 107.7. The re- 
sults of these comparative tests, together with detailed informa- 
tion concerning each lard sample, are given in the following 
tables. For easy comparison we give tables showing results from 
animals from different lots which were fed varying amounts of 
cottonseed meal for the same period of time, and other tables 
representing each lot by itself, thus bringing together results from 
animals which had received very approximately the same amount 
of cottonseeed meal, per 100 pounds body weight, for varying 
periods of time. 

Whatever the substance may be which is transmitted from the 
cottonseed oil into the animal fat, and to which the coloration 
with Halphen’s reagent is due, it certainly is distributed to all 
parts of the animal, although in unequal amounts. In only one case 
did the samples of lard from all the different parts of the same ani- 
mal show the same degree of coloration, and that was with animal 
No. 7 in lot III, which was killed July 26th, three months after 
it had received its last ration of cottonseed meal. The variations 
in coloration are not dependent upon the amount of meal eaten by 
the animal. For example, the extremes of coloration in case of 
animal No. 1 in lot lare 1 to 2%. This is the ratio also found with 
No. 2 of lot IV; yet the former had eaten only 7.7 pounds, while 
the latter had consumed 115 pounds of cottonseed meal. 

With thirteen of the twenty-two animals killed, the kidney fat 
showed the greatest coloration, although that from the back, jowl 
and belly each equaled it in one instance. With two animals the 
fat from kidney, back and jowl gave the same degree of colora- 
tion. Four gave back fat which responded most strongly to the 
color reaction, while belly fat and intestinal fat gave the strongest 
color, each in one instance. With eleven animals, lard from in- 
testinal fat gave the least coloration. In twelve cases jowl fat 

1 Schweizer. Wochenschr. Chem. and Pharm., 39, 360 (1901). 
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a be 
a = 
= & =3 Coloration equivalent to per cent. cotton- 
6 : 25 g seed oil in known mixtures. 
: Z Z a “" Intestines. Jowl. Back. Kidney. Belly. 
7 I I 13 0.4 0.6 0.6 1.0 
I I 13 1.5 3.0 3.0 3-0 
III I 13 E:§ 1.5 2.0 3.0 
I 2 28 3.0 2.0 3.0 4.0 
II 2 28 0.6 1.0 ta 0.6 
III 2 28 2.0 4.0 5.0 5.0 
I 2 4! 1.0 0.6 0.6} 1.5 
II 3 4! iS 4.0 3.0 4.0 
III 3 41 8.0 4.5 11.0 5.5 
I 4 55 1.0 2.0 4.0 y 4.0 
II 4 55 37.0 20.2 4.0 4.0 5.0 15.0 5.5 
III 4 50° 47.0 35.9 10.0 9.0 9.0 15.0 
a I 5 70 16.5 9.0 1.5 3.0 a5 2.0 1.0 
II 5 70 18.3 22.0 3-5 7.0 8.0 5.0 4.0 
III 5 70 98.0 44.8 5.5 7.0 3:0 8.0 5.5 
Y I 6 84 10.2 12.3 5.0 4.5 4.0 3.0 5.5 
Fi II 6 84 27.3 34.1 2.0 4.0 9.0 yo 4.5 
q III 6 84 91.0 56.5 4.0 5.0 6.5 8.0 6.5 
4 I I 13 2:9 1.8 0.4 0.6 0.6 1.0 +. 
I 2 28 8.0 3.8 3.0 2.0 3.0 4.0 
I 3 41 13.5 5.8 z.0 0.6 0.6 1.5 +: 
I 4 55 16.6 y Es 1.0 2.0 4.0 aa 4.0 
4 I 5 70 16.5 9.0 1.5 3.0 3.5 2.0 1.0 
I 6 S@ 10:2) Tas 5.0 4.5 4.0 3.0 5.5 
II I 13 11.6 5.1 1.5 3.0 3-0 3.0 . 
II 2 28 20.8 10.0 0.6 1.0 Ko 0.6 
II 3 41 30.2 15.7 1.5 4.0 3.0 4.0 
II 4 55 37.0 20.2 4.0 4.0 5.0 15.0 5:5 
II 5 70 18.3 22.0 3.5 7.0 8.0 5.0 4.0 
II 6 84 27:3 34.1 2.0 4.0 9.0 7.5 4.5 
III I 13 38.0 9.2 1.5 1.5 2.0 3.0 - 
III 2 28 45.0 16.8 2.0 4.0 5.0 5.0 
Ill 3 4I 48.0 24.0 8.0 4.5 II.0 5.5 
III 4 50° 47.0 35.9 10.0 9.0 g.0 15.0 .- 
III 5 70 98.0 44.8 5.5 7.0 3.0 8.0 5-5 
III 6 84 gI.0 56.5 4.0 5.0 6.5 8.0 6.5 
III 7 845 45.5 34.2 4.0 4.0 4.0 4.0 : 
III 3 84 40.0 44.0 A composite sample = 3.0. 
IV I 98 154.0 75.0 7.5 8.0 8.0 8.0 4.0 
IV 2 98 =—I15.0 53-5 8.0 5.5 9.0 13.0 13.0 


1 Rendered with skin. 

° Died March Igth. 

$ Killed three months after receiving last ration of cottonseed meal. 
+ Killed five months after receiving last ration of cottonseed meal. 
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responded with less color intensity than back fat, and in five they 
were equal. It will be thus seen that the tendency seems to be 
for hogs to store up in their kidney fat the greatest amount of 
the color-producing substance, the amount stored in back fat 
being less, in jow! fat still less, and least in the intestinal fat. 
The case of animal No. 7 in !ot III is an interesting one. It had 
received no cottonseed meal in its ration for three months prior to 
being killed, but the fat from all parts of its body gave the same 
degree of coloration, equivalent to 4 per cent. cottonseed oil. 
This is but a single instance, and it is therefore questionable 
whether this equalization in distribution of the color-producing 
principle has any significance; but the persistency of its pres- 
ence in the body fat long after the animal has ceased to receive it 
in its ration is very full of significance. 

It does not appear from these experiments that either age, 
breed or sex has any relation to the amount of the color-producing 
principle that is deposited, or to its distribution to different parts 
of the body. 

It is the opinion of Dr. B. Sjollema and Dr. J. E. Tulleken’ that 
the coloration obtained with Halphen’s reagent should not be ex- 
pressed in percentages because different cottonseed oils respond 
with different intensities of color. We only partially concur in 
this opinion. We have observed these differences in cottonseed 
oils, as shown in subsequent pages, and have further observed 
that, in a series of experiments such as we have carried out, the 
same oil when mixed in various proportions with normal lard 
will, occasionally, for reasons now unknown, give a marked yel- 
lowish red coloration with Halphen’s reagent, which makes com- 
parison exceedingly difficult. Furthermore, we have found that 
after the amount of cottonseed oil in known mixtures has reached 
8 per cent. it becomes increasingly difficult to detect variations 
in intensity of color produced by the further addition of 1 or 
even 2 per cent.; and when 12 per cent. has been reached, the 
difficulty increases to almost an impossibility. Because of this 
fact, we regard the high percentages (above 12 per cent.), re- 
corded in the preceding tables, as approximations, although prob- 
ably not far from correct. No such trouble is experienced with 
low percentages, save when the standard mixtures assume a 
mixed color, as above indicated. 


} Mittheilung aus der Landwirthschaftlichen Reich-versuch Station, Groningen, Hol. 
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As already stated, the results given in the foregoing tables 
were obtained by comparing the coloration produced by the 
various lards with Halphen’s reagent, with the color given under 
the same conditions by mixtures containing known percentages 
of cottonseed oil—the oil used for the purpose being known as 
“Summer white.” Mixtures were also made by the use of nor- 
mal lard and “Winter vellow” oil, and these, as well as those 
containing * Summer white” oil were used for comparison with 
sixty-two out of the entire number of ninety-six samples of lard. 
In every instance the comparison with “Winter vellow” mixtures 
resulted in showing a lower percentage of color-producing sub- 
stance in the lards under investigation. As one would expect, 
the difference was nearly a constant one throughout the entire 
series. For example, Sample No. 1189, which, when compared 
with the “Summer white” mixture, showed a coloration equiv- 
alent to 5 per cent. of cottonseed oil, gave a color equivalent to 
only 4 per cent. of oil when comparison was made with the 
“Winter yellow” mixtures. A few more examples of this fact are 
given below: 


Coloration equivalent to pér cent. 
cottonseed oil when compared with 





“Summer white” “Winter yellow” 
Laboratory number mixtures. mixtures. 


1189 5.0 4.0 
1184 3.0 2.5 
1185 6.5 5.5 
1193 4.0 3.0 
1230 4.0 3.0 


These results simply indicate that the color-producing sub- 


stance is present in the “Winter yellow” oil in greater amount 
than in the “Summer white,” or, in other words, a given in- 
tensitv of color is produced by a smaller percentage of the former 
than of the latter. In the comparative tests made, an approximate 
difference of 20 per cent. was observed in nearly all cases 
Because of these facts the objection to expressing the degree of 
coloration obtained in any particular test, in terms of percentage 
of cottonseed oil, is doubtless well grounded, if the case is one 
demanding extreme accuracy. It is doubtful, however, if the 
differences in cottonseed oils are sufficiently great in this respect 
to make necessary a discontinuance of the practice of thus ex- 
pressing results obtained bv the application of Halphen’s reagent, 
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for extreme accuracy is not essential to credibility in work of this 
character inasmuch as all chemists recognize the limitations of 
color reactions. To obtain results from unknown conditions that 
are comparable with those from known ones is, after all, the pur- 
pose of this reagent, and this purpose is certainly accomplished 
even though the degree of coloration is not constant for all cot- 
tonseed oils. It is obvious, however, that when results are ex- 
pressed in percentages, a statement should be made as to the kind 
of cottonseed oil used in the comparative determinations. 

Our work has corroborated the statement of Swaving' that 
the intensity of the color increases shortly after cooling. This 
change is so marked that if the standard samples are kept warm, 
and those being tested are allowed to become cold, they will 
uniformly show a higher percentage equivalent of color than if 
comparison is made while thev are still hot. For this reason 
also, if results obtained by use of Halphen’s reagent are to be 
expressed in percentages, there should be a statement of the con- 
ditions under which the comparison is made. In our own work 
it has always been made when both the standard samples and 
these under investigation were hot. 

Although there is this change in intensity of color upon cooling, 
the final color reaction is a permanent one if kept in the dark, as 
Swaving also observes. We have in our laboratory samples of 
cottonseed oil, and also of lard containing it, to which Halphen's 
reagent was added more than two years ago. These have been 
kept in the dark a portion of the time, and a part of the time have 
been exposed to diffused daylight; but the intensity of color is 
apparently the same now as when the samples were first prepared. 

Swaving’ has found that when cows are fed upon cottonseed 
meal the butter produced from their milk will give the color 
reaction with Halphen’s reagent. This is not a new observation 
so far as the reaction for cottonseed oil in butter is concerned, 
whether obtained by Halphen’s reagent or by other means, but we 
refer to it here because of the interesting details that are pub- 
lished relative to it. When two kilos cottonseed meal per day 
were fed for two days the butter gave a coloration equivalent to 
0.5 per cent. cottonseed oil, and the same amount per day fed for 
eight days resulted in a coloration given by the butter equivalent 


1 Ztschr. fir Nahrungs und Genus. 3, 97-107 (1903). 
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to 2 per cent. Six days after the feeding of the meal stopped, 
the butter gave no reaction. When the ration of meal per day 
was increased to 4 kilos the butter gave colorations equivalent 
to percentages of oil as follows: After four days, 4 per cent.; 
seven days, 4 per cent.; eleven days, 5 per cent.; eighteen days, 
4 per cent.; one day after meal ration stopped, 4 per cent. It is 
thus seen that the color makes its appearance very quickly in 
the butter fat (Swaving savs within twenty-four hours after the 
meal is fed) and gradually increases with the amount of meal 
used in the ration, and that when the feeding ceases the reaction 
diminishes and quickly disappears—a reaction equivalent to 2 
per cent. of cottonseed oil disappearing in six days. These facts, 
of course, relate to the fat normally secreted by the cow. It 
would have been interesting to know if the body fat of the cow 
producing the butter would also have responded to Halphen’s 
reagent. There is certainly a marked difference between butter and 
lard as to the persistency of the color reaction after it once makes 
its appearance in the fat. In case of the butter just mentioned, 
the reaction very quickly vanished, while it will have been noted 
in the preceding tables that a composite sample of lard from the 
animal killed September 2oth, or five months after the close of 
the feeding period, still gave an intensity of color equivalent to 
3 per cent. cottonseed oil. The cow is concerned with the pro- 
duction of two kinds of fat, viz., butter fat and body fat, while 
with the hog body fat is chiefly produced. ‘The color-producing 
principle appears in the butter fat twenty-four hours after cotton- 
seed meal has been fed; and, although it persists but six days 
after the meal has been withdrawn from the ration, yet we must 
ask from whence is it obtained during these six days. Does it 
remain in the circulatory system all the time, or is it first 
deposited in some of the tissues, and later reenter the circulation ? 
It is known that the body fat of cottonseed meal-fed cattle will 
respond to Becchi’s test; and it is not difficult, therefore, to see 
in these facts a possible relation to the much-discussed problem 
as to whether or not a cow normally draws upon her body fat in 
the production of butter fat. Unless this active principle of cotton- 
seed oil remains for six days in the circulatory system, which is 
not probable, it must be deposited somewhere; it is well known 
that it may he deposited in the body fat; and, inasmuch as butter 
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continues to respond to its presence for six days after the last 
ration containing it has been eaten, no violence is done to logic 
in concluding that at least some constituents of the body fat are 
reabsorbed and make their appearance in the butter fat. There 
is nothing to indicate that the experimental cows of Swaving? 
were forced to draw upon stored-up materials for lack of proper 
food, but rather, we are led to believe, that the conditions after 
the feeding experiment closed were normal for milk production. 
From the evidence that follows it appears that the hog prob- 
ably does not store up the cottonseed oil in its fat unchanged, 
although this is doubtless a possibility, as Munk! (and others) 
has shown by a very interesting experiment. A dog was starved 
until it had been deprived of its fat, as shown by the sudden in- 
crease in the amount of nitrogen excreted. The animal was then 
fed on colza oil and killed. The fat found in the various organs 
was more liquid than ordinary dog fat, and analysis showed it to 
contain 82.4 per cent. of oleic acid, whereas normal dog’s fat 
contains only 65.8 per cent. of this acid. Furthermore, the pres- 
ence of erucic acid, which is never a normal constituent of animal 
fat, but which does occur in colza oil, was demonstrated. 
Lebedeff? had previously carried out similar experiments with 
dogs, feeding linseed oil and mutton fat, the former causing the 
animal fat to have a very low point of congelation, while the 
latter caused it to have a high melting-point. These experiments 
seem clearly to prove that fats and oils may be absorbed and 
deposited unchanged. Yet the experimental evidence at hand 
seems, to us, to point to a negation of this possibility as relating 
to the deposition of cottonseed oil unchanged in the fat of hogs. 
Soltsien* maintains that Halphen’s test cannot be used to de- 
termine whether cottonseed oil has been added to lard (because 
of the reaction given with lards from hogs fed on cottonseed 
meal), but that the presence of phytosterin is conclusive of such 
adulteration. Acceptance of this idea naturally forces the con- 
clusion that the color-producing substance in the oil is deposited 
unchanged in the animal fat, while another normal constituent 
of the oil, phytosterin, is not thus deposited. The only evidence 
he gives on this point is the fact that he obtained from American 
lard, made from the fat of hogs that had been fed on cottonseed 


1 J. Munk : Virchow’s Arch., 9§, 407 (1884). 
2 A. Lebedeff : Med. Centrlbl., 8 (1882). 
3 Zischr. bffentl. Chem., 7, 140-143 (1901). 





REACTION OF LARD WITH HALPHEN’S REAGENT. 847 


meal, a reaction with Halphen’s reagent, but failed to detect 
phytosterin. 

As above stated, the experiments of Munk and Lebedeff dem- 
onstrated that the nature of the fat fed influenced, in large degree, 
the body fat of the animal, the feeding of colza oil serving to in- 
crease the oleic acid content of dog fat about 25 per cent. Why 
should we not expect that similar results would be obtained in 
experiments with other animals? And that a liberal allowance 
of cottonseed meal for a number of weeks would furnish an 
amount of oil which, if stored in the fat, would be sufficient to 
ereatly modify its characteristics? A number of experimenters 
have shown that such is the case. For example, as long ago as 
1893 Harrington and Adriance’ observed that a ration of cotton- 
seed meal, modified to a greater or less extent, the body fat of 
hogs, sheep and cattle, and also the butter fat of milch cows. 
At this time Halphen’s test had not been published, and the pres- 
ence of cottonseed oil in fats was demonstrated by means of 
Becchi’s reagent. They found that the melting-point of butter 
produced from cows that had been fed on cottonseed meal in- 
creased steadily with the amount of meal fed, and that generally 
the iodine number was also increased. In every case such butter 
strongly reduced Becchi’s reagent. They further found that the 
lard from cottonseed meal-fed hogs reduced silver nitrate, and 
had a higher melting-point and lower iodine number than lard 
from corn-fed hogs. In case of sheep, the mutton fat had a 
higher melting-point and a considerably higher iodine value than 
that from sheep fed on corn, and also reduced silver nitrate. 
Beef tallow from cattle fed on the meal also showed a high 
melting-point and responded to Becchi’s test. 

Many experiments have shown that a ration of cottonseed meal 
tends to make a hard butter, to increase its index of refraction 
and iodine value, and to raise its melting-point. There seems 
but one way of reconciling these apparently contradictory re- 
sults—appearing contradictory because unchanged cottonseed oil, 
or olein or oleic acid produced by its metabolism would raise the 
iodine value, but would also lower the melting-point instead of 
raise it. We must, therefore, conclude that the oil in passing 
from the circulation into the milk must undergo a change in the 
mammary glands whereby not only is olein or oleic acid pro- 


1 Texas Expt. Sta. Bull. No. 29, pp. 349-355 
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duced, but also some fat having a much higher melting-point. 
We believe this theory to be generally accepted as an explanatidn 
of the effects produced upon butter by cottonseed oil. It wauld 
seem, from the facts brought out by the work of Harrington and 
Adriance, that some similar theory is required to explain the 
effects of cottonseed oil upon body fat, although their results 
were not uniform. Their conclusion was that, in general, the 
feeding of cottonseed meal seemed rather to lower the iodine 
value of the animal fat, although its melting-point was raised, 
and it responded to the test for cottonseed oil. This conclusion 
(which is fairly well substantiated by other workers) naturally 
suggests that the oil in cottonseed meal does not pass from the 
blood through the walls of the capillaries into the cells of the 
connective tissue unchanged; neither are those products of its 
metabolism which finally enter the fat (if any of them do enter it) 
richer in olein or oleic acid than the animal fat itself, else its 
iodine value would, of necessity, be raised. It would also follow 
that while the oil itself does not enter the fat unchanged, yet the 
color-producing substances contained in it do not undergo any 
transformation before their deposition in the fat, inasmuch as 
their activity still remains. 

Langfurth’ investigated American lard, rendered from the fat 
of hogs which had been fed on cottonseed meal, and found that 
Becchi’s reagent was completely reduced; that nitric acid (sp. 
gr. 1.4) gave a mahogany-brown color, and that Halphen’s re- 
agent gave a dark onion-red coloration, equivalent to that given 
by 30 per cent. of cottonseed oil. (In view of our experience, 
we should like to know how the comparison showing this large 
percentage equivalent of color was made.) It is thus seen that 
the nitric acid test, as well as Beccchi’s and Halphen’s reagents, 
indicate the presence of a pretty large amount of oil in the lard, 
and yet Langfurth states that its analytical numbers were nor- 
mal—a statement somewhat difficult to reconcile with the color 
tests. It certainly would be impossible for a lard to contain 30 
per cent. of cottonseed oil and still have analytical numbers that 
are normal for pure lard. This would be especially true of the 
iodine value and the melting-point. 

The observations of Langfurth are also interesting from 
another point of view. Raikow has shown that the active prin- 


1 Ztschr. angew. Chem., 14, 685-686 (1901). 
2 Chem. Zig., 24, 562-563 (1900). 
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ciple in cottonseed oil to which the reduction in Becchi’s test 
is due is not the same as that which causes the coloration with 
Halphen’s reagent, and a number of workers have shown that 
heat destroys the ability of the oil to react with either of these 
reagents. It is also stated’ that the substance to which the color- 
ation with nitric acid is due is not affected by a temperature of 
240° C. It therefore follows that these three color reactions are 
due to the presence of three distinct substances in the oil. Ac- 
cording to Langfurth’s observations, therefore, all of these differ- 
ent principles to which color reactions are due are accumulated 
in the animal fat, but none of its analytical constants are modified 
thereby. 


The logical deduction to be drawn from these facts, brought 
out by Soltsien and Langfurth, is that in case of hogs, at least, 
cottonseed oil is not deposited in the body fat unchanged, but 
that some kind of metabolism occurs by which certain color-pro- 
ducing bodies are absorbed and deposited unchanged, while 
phytosterin and the other constituents of the oil, to which its 


chemical and physical constants are due, are not thus absorbed 
and deposited. 


A consideration of all the statements and opinions, outlined 
in the foregoing pages, leads to much confusion of mind as to 
the real facts in the case. Doubtless if our knowledge of the 
substances to which the color reactions are due were more exten- 
sive, some of these anomalous, and, to our mind, contradictory 
results would be less confusing. It hardly seems to us probable 
that metabolic processes will result in causing the three distinct 
chromophoric bodies in cottonseed oil to be deposited unchanged 
in the fat, while such an important constituent as oleic acid and 
such a characteristic one as phytosterin either find their way else- 
where or are not deposited in the fat until after they have under- 
gone such profound changes that their metabolic products exercise 
no influence upon its analytical constants. Certainly much more 
experimental evidence concerning the point is extremely desirable. 
It is our intention to make a thorough study of the lard samples 
obtained in the experimental work described in this paper, with 
the hope of throwing some light upon this puzzling chemico- 
physiological problem. 


1 Benedict and Lewkowitsch’s ‘‘ Oils, Fats, and Waxes,” p. 310 (1895). 
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SUM MARY. 


(1) An investigation was undertaken with the view of deter- 
mining to what extent the lard from cottonseed meal-fed hogs 
would give a coloration with Halphen’s reagent. 

(2) Twenty-three animals were used in the experiment, being 
divided into four lots, as follows: Six in lot I; six in lot II; 
eight in lot III; three in lot IVs Lot I received one-fourth pound 
cottonseed meal per animal per day; lot II one-half pound per 
animal per day; lot III an amount approximately equal to one- 
fifth of the grain ration; while lot IV received all the animals 
could be made to eat. 

(3) One animal in each lot, except lot IV, was killed at the 
end of the second, fourth, sixth, eighth, tenth and twelfth weeks. 
Two of lot IV were killed at the end of fourteen weeks. Of the 
two animals remaining in lot III one was killed three months and 
the other five months after the close of the feeding period. 

(4) The feeding period began January 29, 1903, and closed 
April 23, 1903, thus covering a period of 84 days. 

(5) The minimum amount of cottonseed meal eaten by any 
individual was 7.7 pounds and the maximum, 154 pounds. The 
minimum amount consumed by any individual per one hundred 
pounds body weight was 1.8 pounds, and the maximum, 75 
pounds. 

(6) Lard was rendered from samples of fat taken from each 
animal, from kidney, jowl, back and intestines, and in many 
cases also from the belly. 

(7) All lard samples gave a distinct and, in some cases, a very 
strong coloration when treated with Halphen’s reagent. The 
coloration equivalent, expressed in percentages of cottonseed oil, 
ranged from 0.4 to 15 per cent. 

(8) In general, the greatest degree of coloration was found 
in kidney fat laid, and the least in intestinal fat lard. In a 
majority of samples back fat lard gave a greater intensity of 
color than that from jowl fat. The color-producing principle 
of cottonseed oil is transmitted to all parts of the animal, although 
in unequal amounts. 

(9) If the degree of coloration with Halphen’s reagent is to 
be expressed in terms of percentage of cottonseed oil, the kind 
of oil used for comparison, and the conditions under which the 
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comparison is made should be stated, because different oils re- 
spond with unequal intensity, and the depth of color increases 
after cooling. 

(10) When the color-producing substance is once deposited 
in the fat of hogs, it is exceedingly persistent, as illustrated in 
the case of animals Nos. 7 and 8 in lot III, No. 7 being killed 
July 26th, three months after it had received its last ration of 
cottonseed meal, and lard rendered from its fat showing a color- 
ation equivalent to 4 per cent. of cottonseed oil and No. 8 being 
killed September 20th, having eaten no meal for five months, and 
a composite sample of its fat yielding lard which showed a color- 
ation equivalent to 3 per cent. of oil. 

(11) Other investigators have shown that the three different 
color-producing substances in cottonseed oil, to which are due 
the reactions with Halphen’s and Becchi’s reagents, and also 
with nitric acid, are deposited unchanged both in the body fat 
of different animals and in the secreted fat of cows. A number 
of experiments with the feeding of cottonseed meal have shown 
its effect to be a marked modification of the properties of the 
body fat, while others indicate that a large amount of these color- 
producing substances may find their way unchanged into the 
body fat, while its chemical and physical constants remain the 
same, one investigator finding in lard a coloration with 
Halphen’s reagent equivalent to 30 per cent. cottonseed oil, and 
yet its analytical numbers were normal. While the evidence is 
somewhat conflicting, we are rather unwillingly led to the con- 
clusion that probably the color-producing principles are separated 
from the cottonseed oil by metabolic processes, and that the 
effects of metabolism are so profound that its final products, if 
they find their way into the fat, do not modify it in any important 


degree. 


ACTION OF SOAP ON CALCIU!M AND MAGNESIUM SOLU- 
TIONS. 


By V. H. GoTTSCHALK AND H. A. ROESLER. 


Received May 12, 1904. 
WHILE working with Clark’s well-known method for the de- 
termination of hardness of water, certain phenomena were ob- 
served, which it is the object of this paper to describe. 





>. = 6 VC 2 + — 








Fig. I. 
Fig. 2. 














H. GOTTSCHALK AND H. A. ROESLER. 





V. 


























852 





























SOAP ON CALCIUM AND MAGNESIUM SOLUTIONS. 853 


[f the soap solution be added in portions of 0.5 cc. or less, 
the duration of the lather noted after each addition, and the data 
plotted, curves will be obtained which possess certain well-defined 
characteristics. Thus, in the absence of magnesium salts there 
is a line horizontal from the origin nearly to the end-point where 
it rises abruptly. A similar curve is obtained when the water 
contains magnesium, but no calcium salts, the end-point not being 
so marked in this case, however; but when the compounds of 
both metals are present a maximum point is formed in the curve 
long before the end-point is reached, the position of this maxi- 
mum depending on the relative amounts of calcium and mag- 
nesium salts in solution. 

The following is a record of experiments showing that the 
peculiarities of this latter curve are due to the presence of calcium 
and magnesium salts; they also show that there is an approx- 
imate quantitative relation between the position of the maximum 
and the amounts of calcium and magnesium present. 

The water in which this was first noted is obtained from a 
well in the cellar of this laboratory. In determining the hardness 
it was found that at a certain point in the titration the persistency 
of the lather, formed on shaking, increased considerably and 
again decreased on further addition of soap solution. 

This suggested the observation of the persistency throughout 
the titration and the plotting of the same, which yielded curve 
“A.” Two hundred cc. of the water were then boiled, filtered and 
made up to the original volume and a portion titrated under the 
same conditions, giving curve “B.” 

It will be noticed that there is also a maximum in this curve, 
coming at 1.5 cc., and that if the number of cubic centimeters 
between the maximum and the end-point be calculated it will 
be found to be the same in both cases, viz.: In “A,” 7.6—3.2= 
4.4 cc.; in “B,” 5.9—1.5 = 4.4 cc. 


DATA FOR CURVE “ A.’’ 


cee. Sec. ce. Sec. ce. Sec. cc. Sec. 
0.0 2 2.7 4 34 50 5.5 2 
0.5 2 2.8 6 3.4 30 6.0 2 
1.0 2 2.9 Io 3-5 25 6.5 2 
1.5 2 3.0 40 4.0 fe) 7.0 3 
2.0 2 3.3 70 4.5 4 7.4 15 
2.5 3 3-2 85 5.0 5 7-5 60 
7.6 300 
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DATA FOR CURVE ‘‘ B.’’ 
Sec. ee. Sec. 
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Ten cc. of the water diluted to 100 cc. with pure water were 
used in each case. 

A mixture was then made consisting of 10 cc. of the water and 
go cc. of a calcium sulphate solution of such a strength that this 
amount ygequires 2 cc. of the soap solution. On titrating this 
we get curve “C.”’ It will again be noticed that in the interval 
between the maximum and the end-point 4.4 cc. have been used, 
and also that this maximum comes at a point which is the sum 
of the cubic centimeters required for the calcium sulphate and 
the volume necessary to titrate from the origin to the maximum 
for the well water alone, zviz.: 3.2 + 2.0 = 5.2 cc. 


DATA FOR CURVE ‘‘C.”’ 
Sec. ce. Sec. 
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A solution of calcium carbonate in water, saturated with carbon 
dioxide, acted in the same way, from which it would seem that 
the presence of calcium salts moves the maximum a distance 
away from the origin equivalent to the amount of calcium salt 
added. 

Next a mixture of 10 cc. of well water, 10 cc. of magnesium 
solution and 80 cc. of pure water was tried, the 10 cc. of mag- 
nesium solution requiring about 3.1 cc. of the soap solution (see 
curve “D”). 


DATA FOR CURVE ‘‘D.”’ 
Sec. ce. Sec. 
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Here the volume used between the maximum and the end- 
point is that which is needed with the well water (4.4 cc.) plus 
the amount used up for the magnesium saits, viz.: 10.7 — 3.2= 

CC.; 4.4 -+-- 3.1 = 7.5 cc. 

The above clearly shows that the position of the maximum 
point depends on the amounts of calcium and magnesium salts 
present and that it is approximately quantitative. An excess of 
the calcium will move the maximum point farther along; more 
magnesium will do the same to the end-point without affecting 
the position of the maximum point. 


When a mixture of pure solutions is tried we get the follow- 
ing curve, “ER”: 


DATA FOR CURVE “‘E.’’ 
ce; Sec. ce. 
2.3 2.8 
0.5 2.4 3.0 3 10 
1.0 2.5 3.5 
1.5 2.6 70 4.0 .6 Over 300 


2.0 24 52 4.5 
Here also the quantitative relation is shown. 


Volume used between maximum and end-point.. 5.6-2.5 = 
Volume used from origin to maximum 

Amount required by CaSO, 

Amount required by Ioo cc. of pure water 


Total to maximum..... 


The numerical data here presented were selected from about 
one hundred and fifty titrations, all of which show the same 
characteristic curves. In a number of these the duration of the 
lather at the maximum point was greater than the five minutes 
which is supposed to indicate the end-point. From this we can 
see the possibility of error in an ordinary hardness determination, 
especially when the water comes from a dolomitic region and 
is heavily charged with magnesium; curve “C” is a good ex- 
ample. 

As a suggestion, it might be well, after the end-point has 
been reached, to add 0.5 cc. more of soap solution. This would 
be sufficient to carry the titration safely past the maximum point. 
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The further discussion of other peculiarities of the curves will 
be reserved for a later time, in connection with the explanation 
of the causes of the phenomena above described. Experiments 
along this line are in progress. 


MISSOURI SCHOOL OF MINES, 
ROLLA, Mo. 


REVIEW. 


A Report on Some Recent Work in Organic 
Chemistry. 
By H. W. HILLYER. 


ACCORDING to statistics obtained from the Chemisches Central- 
blatt the volume of chemical publication in its chief lines reviewed 
in that journal in the year 1902 is as follows: 


No. of references. Columns of references. 


General and physical --- 499 224 
Inorganic 250 
Organic 1309 
Physiological 209 
Analytical 273 
Technical 113 


During the year 1903 the volume of the output has undoubtedly 
been at least as great. From this it may be seen how difficult 
it is to obtain such a view of the field as to give any just idea 
of the relative value of individual pieces of work. To, in any way, 
meet the request of the editor of this Journal for a report on or- 
ganic chemistry for the period since the last general report was 
given in December, Igo!, the reviewer must severely limit him- 
self and in the limited field hope to please none of those who are 
specially interested in the pieces of work not reported. Since 
the work of American chemists is abstracted in this Journal, it 
has been decided not to mention any American work in this 
article. From the work of foreign chemists a few articles are 
chosen which contain matter of general interest, or which serve 
to show the kind of studies now engaging the attention of or- 
ganic chemists. 

A method of preparation has become prominent recently which 
is of such wide application that it deserves notice. It seems to 
have already displaced the older method of Butlerow and to be 
reaching out into new fields. In 1900 Grignard first published 
the method.1. When metallic magnesium is brought into a solu- 

1 Compt. Rend., 130, 1322. 
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tion of a halogen substitution product in anhydrous ether a vig- 
orous reaction is set up and the magnesium is dissolved according 
to the general equation 


R.I+ Mg = R.Mgl. 


Anhydrous ether seems to be the only solvent, which will 
answer in most cases. When the ether solution of the reaction 
product is evaporated, the residue contains the elements of a 
molecule of ether. The organic magnesium iodides will react 
with many classes of substances to give desirable products. For 
example, with acid chlorides to give compounds which by action 
of water yield tertiary alcohols. 

RCOCI + R’MgI = RCOR’ + MelICl. 
OMgI 


RCOR’ + R’MgI = RC—R’ 
XR’ 


OMglI R 
RC—R’ +H,0 = R’—COH + HOMgl. 
\R’ RY 


The ketones also yield tertiary alcohols. 
Zelinski has used the method to prepare a tertiary alcohol with 
formation of a closed chain by the steps indicated by the formulas 


CH,COCH,CH,CH,CH,I =» CH,COCH,CH,CH,CH,MgI => 
CH,—C—OMgI CH,—C—OH 
is i, 
CH, CH, CH, CH,.? 


| | | | 
CH,—CH, CH,—CH, 


Quinones vield quinoles by the same method.® Esters also re- 
act with the compounds HalMgR to give tertiary alcohols.* 
This process has led to a new method of making tetraphenyl- 
methane. Ullmann and Miunzhufer,® following the method of 
Grignard,® prepared triphenyl carbinol by action of methyl ben- 


zoate on phenyl magnesium bromide. 


2C,H,MgBr + C,H,COOCH, = 
CH,OMgBr + (C,H,),C—OMgBr 
1 Compt. Rend., 130, 1322; /did., 132, 835 and 1182; Ann. chim. phys. (7), 24, 457; bid 
(7), 27, 548 ; Ber. d. chem. Ges., 35, 2138 ; /b1d., 36, 404, 1628 and 1632. 
2 Ber. d. chem. Ges., 35, 2684. 
Bamberger and Blangey : /d7d., 36, 1625. 
4 Compt. Rend., 135, 533- 
5 Ber. d. chem. Ges., 36, 404. 
® Compt. Rend., 132, 1182. 
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The last product by action of water yields triphenyl carbinol. 
Aniline hydrochloride condenses with this to give aminotetra- 
phenylmethane. 

(C,H,),COH + C,H,;NH,Cl = (C,H,),CC,H,NH,Cl + H,O 
By diazotizing and boiling with alcohol a good yield of tetra- 
phenylmethane is obtained. 

By action of carbon dioxide it is easy to obtain organic acids 
by Grignard’s method. In some cases the reaction is proposed as 


a lecture experiment.’ 
Dihalogen compounds also react and in that way one haloge. 


may be replaced by another halogen: 
CIC,H,MgCl + I, = CIC,H,I + MgCl, 
or by COOH, or made to yield carbinols.?- By action of alkyl 
halides or alkyl sulphates synthetic hydrocarbons are made: 
RMglI + R'I= RR’ + Megl,,’ 
and by action of chlorcarbonic ester the esters of acids may be 
prepared : 
C,H,MgI + ClICOOC,H, = C,H,COOC,H, + MgICl. 
The organo magnesium halides react also with nitriles 
R 
RCN + RMgI = 





ScnMgl. 


R 


This product by action of water yields a ketone 


R R 
ScnMgI + H,O= CO +N -+ MgIOH. 
RY RY 


Phenyl mustard oils give thioanilides.* Finally, dialkyl hy- 
droxyl amines may be made, instead of the nitrogen acids which 
might have been expected by action of NO,.® 

The method of making acid chlorides,® proposed by Einhorn and 
Hollandt, in which pyridine and carbonyl chloride are the re- 
agents, has been further applied.’ 

Another method which has till now received but little attention 
is that used by Auger in making malonyl chloride® It is a 

1 Ann. chim. phys., 24, 457; Compt. Rend., 130, 1138 ; Ber. d. chem. Ges., 35, 2519 ; 35> 
2687 ; 35, 3672; 35» 4415 ; 36, 668 ; 36, 2897. 

£ Compt. Rend., 136, 1138. 

3 Ber. d. chem. Ges., 36, 2116 and 3083. 

4 Ibid, 36, 585. 

5 Jbrd., 36, 2315. 

8 Ann. Chem. (Liebig), 301, 95. 

i Ber. d. chem. Ges., 35, 3639, 3644. 
8 Ann. chim. phys., (6), 22, 347. 
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method of making acid chlorides by treating the acid with thionyl 
chloride. Since the by-products are gaseous, the advantage of 
the process is obvious. 


RCOOH + SOCI, = RCOCI-+ SO, + HCl. 


H. Meyer? has made an extended study of this reaction. It 
does not succeed in every case but the exceptions form an inter- 
esting study in affinity. In general those acids which ordinarily 
yield anhydrides with ease yield anhydrides by action of thionyl 
chloride. Succinic acid gives an anhydride but, curiously, mono- 
brom and dibrom succinic acids and malic acid yield chlorides. 
The aromatic acids also show interesting failures to react. A 
great advantage of the method is that hydroxy acids yield chlo- 
rides without any replacement of the alcoholic hydroxyl. Pyri- 
dine acids yield chlorides without undesirable side reactions. 
Scholl has found? that by the action of aluminum oxychloride, 
Al,OCI,, on a mixture of benzene and mercury fulminate, a yield 
of 70 per cent. of the theoretical of benzaldoxime is obtained: 


C,H, + CNOH = C,H,CHNOH. 


By using sublimed aluminum chloride he gets 80 per cent. of the 


theoretical vield of benzonitrile, 
C,H, + CNOH = C,H,CN + H.O. 


Formic aldehyde as a reagent is of increasing value. By action 
of formaldehyde on phenols in presence of strong hydrochloric 
acid, Eichengriin* has amplified the observation made by Stérmer 
and Behn* in introducing the group —CH.Cl into the aromatic 
nucleus 


HOC,H, + CH.O + HCl = HOC,H,CH,Cl + H,0. 


Manasse has extended his previous work in making phenol alco- 
hols by the reaction of formaldehyde on phenols in presence of 
weak alkalies.® 

It has been found by Borsche and Berkhout® that when formal- 
dehyde acts on paranitrophenols, using dilute sulphuric acid as 
the condensing agent, in many cases two molecules of the aldehyde 
react with one of the phenol to give methylene ethers of’ nitro- 
saliginenes. The nitrocresol, 

1 Monatsh. Chem., 22, 109, 415, 777 ; Fischer : Ber. d. chem. Ges., 36, 2094. 

2 Ber. d. chem. Ges., 36, 10 ; 36, 322 ; 36, 648. 

Centrdl., 1902, p. 894. 

* Ber. d. chem, Ges., 34, 2455. 

5 Lbid., 35, 3844. 

5 Ann. Chem. (Liebig), 330, 82. 
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CH, CH, 
* i. jRio~ 
/ ‘Nou 4 er 


, gives 
hy / NOL fs 
bl yr CH,—O 


Other groups than the nitro group in para position do not, as far 
as tried, induce this style of reaction. 

Wedekind’ and Letterschied? have improved the method of 
Henry for making chlorinated ethers. By action of hydrochloric 
acid gas on a mixture of trioxymethylene and an alcohol, chlo- 
rinated methyl ethers are formed. 


C,H,O,; + 3ROH + 3HCl = 3ROCH,Cl-+ 3H.,O. 


These ethers react with salts of organic acids to give esters which, 
as disinfecting agents, are more powerful than formaldehyde. 

Konigs' has further developed a reaction of Ladenburg’s. By 
action of formaldehyde on a@- and y-alkyl pyridines the group 
CH,OH is substituted for hydrogen of the side-chain. The num- 
ber of such groups introduced depends on the structure of the 
side-chain and also on the absence or presence and character of 
groups in the f-position. 

Formaldehyde condenses with aliphatic amines as it does with 
ammonia to form compounds like hexamethylenetetramine, but 
Bischoff and Reinfeld* find that with aromatic amines the products 
are substances of the types RHN — CH, — NRH and 


RN—CH,—NR 


NO 


| |_. 
CH,—NR—CH, 


Dimroth and Zoeppritz® give a new way of making oxyaldehydes. 
By the action of formanilide on resorcinol in presence of phos- 
phorus oxychloride there is formed a compound which is formu- 
lated, (HO).C,H,CH = NC,H,. Alkalies change this to the 
aldehyde (HO),.C,H,CHO. Pyrogallol conducts itself in the 
same manner. 

According to Harries,* substances with doubly bonded carbon, 
when oxidized with ozone, are divided at the double bond with 
formation of aldehydes or ketones from the separated portions. 
Mesityl oxide, for example, yields acetone and pyroracemic alde- 
hyde, 

1 Ber. d. chem. Ges., 36, 1383- 

2 Ann. Chem. (Liebig), 330, 108. 

3 Ber. d. chem, Ges., 34» 4322 ; 35» 1343- 

4 Jbid., 36, 35 and 4I. 


5 [bid., 35» 993- 
6 Jbid., 36, 1933- 
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CHy 
DC = CH—COCH, => (CH,),CO + OCH—CO—CH,, 
CH, 


Morrell and Croftst are able to obtain osones directly from the 
sugars by oxidizing them with hydrogen peroxide in presence of 
iron salts, instead of obtaining them by first making the osaz®nes. 

According to a note by Cohn and Thompson? benzene sulphon- 
anilide is, like acetanilide, stable enough to endure chlorination. 
By action of sodium hypochlorite chlorine goes into ortho posi- 
tion, while, according to Wallach, phosphorus pentachloride, act- 
ing on acetanilide, yields the para compound. 

Carl Neuberg* has found that under certain conditions unsym- 
metrical methylphenyl hydrazine will react with ketone sugars to 
give osazones, but not with aldehyde sugars. By this reagent 
levulose may be separated from dextrose. 

Fischer and Armstrong* have improved their method of making 
aceto halogen derivatives of the sugars and have extended the 
study of the glucosides by further use of the aceto halogen com- 
pounds for their preparation. By causing these compounds to 
react on sugars they have made the new bisaccharides: glucose- 
galactoside, galactosoglucoside and galactogalactoside. 

Fischer and Slimmer® have found that by the action of hydro- 
cyanic acid on the optically active tetracetyl helicin a cyan- 
hydrin is formed which, by hydrolysis, yields an orthohydroxy 
mandelic acid of small rotatory power. In this way they make 
use of the asymmetry of the original helicin to direct the synthesis 
so as to produce further asymmetry of arrangement. They effect 
a second similar synthesis. Zinc ethyl reacts with tetracetyl 
helicin to give a compound which, by action of water, is 
changed to tetracetyl gluco(o)hy droxy phenyl ethyl carbinol, 
(C,H,,O,),C,H,O,.0C, a, — CH(OH)C,H,, the aldehyde group 
of the helicin being changed to the secondary alcohol group. 
By hydrolysis the acetyl glucose is split off, having active (0)- 
hydroxyphenyl ethyl carbinol, HOC,H,C*H(OH)C,H,;. 

E. Erlenmeyer, Jr., makes use of helicin to separate a racemic 
mixture of bases into its active components. By condensing helicin 
with isodiphenyl oxethyl amine, C,H, —CH(OH)—CH(NH.,) 
C,H,, and crystallizing, the product is separated into two parts 
from which the two active bases may be obtained by action of con- 
centrated hydrochloric acid. The author proposes to reverse the 
process and make use of these active bases to separate racemic mix- 
tures of aldehydes. In connection with his work, a curious case of 

l Proc. Chem. Soc., 18, 55. 

2 Jbtd., 17, 262. 

’ Ber. d. chem. Ges., 36, 959. 

4 Jbid., 3§, 833, and 35, 3144. 

> Sitzungsber., Berlin, 1902, p. 597. 
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isomerism is noted. Cinnamic aldehyde with either of the above 
active bases gives two isomeric condensation products, either of 
which yields cinnamic aldehyde by hydrolysis, but the racemic 
mixture of bases gives, with cinnamic aldehyde, only one conden- 
sation product, different from the two mentioned. 


From the fact that hydroquinone phthalein in alkaline solution 
yields a dimethyl ether, Mever and Spengler? argue that it should 
be given the lactoid formula I, 


which shows it to be a double phenol rather than the quinoid 
formula II, 


/~OH 
Jo 
(II) GH—C¢  _>0 


Nc H 
cooH 60 No 


which shows a carboxyl that should not be methylated in alkaline 
solution. According to Scharwin and Kusnezof* anthraquinone, 
when fused with phenol, yields a product 


oun" i 
oy “\cH.0H’ 


and when fused with resorcin yields 


C,H,OH 


DP aia i 
jue = , 
\cH/ cron 


wich dissolves in alkalies with green fluorescence and color like 
that of fluorescein. Kehrmann and Saager* make some oxazine 
compounds containing amino groups and find that when they con- 
tain two amino groups in the positions 3 and 6, like the example, 

1 Ber. d. chem. Ges., 36, 2340. 

2 Jbid., 36, 2949. 

8 Tbid., 36, 2020. 

* [bid., 36, 475. 
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they are fluorescent in solution in concentrated sulphuric acid. 

Borsche and Locatelli’ had previously found that the potassium 
metapurpurate, produced by the action of potassium cyanide on 
2.4-dinitrophenol, is the potassium salt of nitronitrosohydroxy- 
benzonitrile, C,H.(NO,)(NO)(OK)(CN). They have now 
found that potassium cyanide acting on dinitroorthocresol pro- 
duces a similar compound with one (CN) group. Dinitropara- 
cresol yields a compound containing two (CN) groups. They 
conclude that nitro phenols take on (CN) groups in places ortho 
to the nitro groups, provided that these nitro groups are in turn 
ortho to hydroxyl. The color reactions of picric acid and allied 
substances are in this way being cleared up. 

According to Hantzsch and Dorch,? ferric salts give color re- 
actions with hydroxyl compeunds only, and not with the desmo- 
tropic forms of these substances. The color is due to the forma- 
tion of iron salts of the compounds and not to obscure oxidation 
products, as has been so often supposed. The authors succeed 
in isolating many such iron salts. 

In his new work on mercury organic compounds, Dimroth® 
finds that some aromatic compounds, when heated to from 110° to 
150° with a solution of mercuric acetate, undergo true substitu- 
tion, the group —HgOCOCH, entering the nucleus in ortho 
or para position to the nitro and carboxyl groups, as well as to 
methyl and hydroxyl. Pesci has found that a cold aqueous solu- 
tion of mercuric acetate acts on aniline. Dimroth interprets this 
result as due also to true substitution. The mercury is very firmly 
held in these compounds. The acetic acid radical may be replaced 
by a halogen by the action of a sodium halogen salt without dis- 
turbing the mercury. The phenols and anilines preserve their 
phenol and amine character. 

Blanksma* finds that methyl and ethyl aniline by treatment 
with bromine act like aniline itself to give ortho and para com- 
pounds. Nitro groups are also introduced in the same positions, 
but at the same time a nitro group takes the place of the imide 
hydrogen with formation of nitramines. Carboxyl groups in ortho 
or para position to the alkylamine group are replaced. The re- 

1 Ber. d. chem. Ges., 35, 569. 

2 Ann, Chem. (Liebig), 323, J. 


% Ber. d. chem. Ges., 35, 2032. 
* Centrbl., 1902, II, p. 513. 
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action is a new instance of the ease of nucleus substitution of 
anilines. The author thinks this is due to the replacement of a 
hydrogen of the amino group and a subsequent transference of 
it to the nucleus. The same explanation is offered for the ease 
of substitution of the phenols. 

New cases are constantly being brought to light in which the 
introduction of a substituting group has an influence not only in 
determining the place of introduction of new substituents, but in 
intensifying or diminishing the activity of the functions belonging 
to the original unsubstituted substance. 

Klages and Storp’ find that iodo toluenes are reduced more 
easily than iodo benzene, but that iodo derivatives of hydrocarbons 
with other side-chains are reduced less readily. Methyl promotes, 
but ethyl, propyl and other radicals hinder the removal of iodine 
in ortho and para positions by action of hydriodic acid. 

Fischer and Dilthy? find that while malonic ester, 


C,H,—OCO—CH,—CO—OC,H,, 


easily reacts with ammonia to yield an amide, the alkyl malonic 


esters, 
C,H,OCOCH(R)—COOC,H,, 


react slowly and imperfectly and diakyl malonic esters, 
C,H;,OCOC(R),COOC,H,, 


do not react at all. Fischer predicts that the study of affinity 
will be greatly furthered by study of the influence of substitution. 

Posner brings forward another case.* As is well known, mer- 
captans and ketones condense to mercaptals under the influence 
of gaseous hydrochloric acid; e. g., 


CO(CH,), + 2HSR = (CH,),C=(SR).. 


The author finds that when an aromatic aldehyde or ketone con- 
tains a hydroxyl or amino group in the nucleus the formation 
of mercaptals is prevented. Acetylation of the hydroxyl does not 
counteract this effect. The position of the hydroxyl or amino 
group makes no difference. When a nitro group is in ortho posi- 
tion to the carbonyl, it also hinders the formation of mercaptal, 
but not so strongly as hydroxyl or the amino group. On the 
other hand, meta and para nitro groups greatly promote the re- 
action. The influence of substitution is also shown in the con- 
duct of the mercaptals on oxidation. Those derived from ortho 
nitro compounds must be carefully treated to yield sulphonals 
or else fail entirely to vield them, while those derived from para 

1 J. prakt. Chem., 6§, 564. 

2 Ber. d. chem. Ges., 36, 844. 

3 Jbid., 35, 2343. 
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and meta nitro compounds easily yield sulphonals. The presence 
of the sulphone group in turn makes the nitro groups extremely 
difficult to reduce. 

Neither Zincke? nor Auwers* have come to any final conclusion 
as to the formulation of the curious class of substances, being 
separately studied by them. By the action of halogens on those 
phenols having an alkyl in para position to the hydroxyl, there 
is at first a replacement of nucleus hydrogen. Hydrogen in the 
alkyl is then apparently replaced. But the compounds produced 
by this final step of substitution are not soluble in alkalies and 
seem now not to be phenols. However, they react with acetic 
anhydride with formation of a monoacetate as a phenol should. 
They are acted on easily by alcohol, aniline, aqueous acetone, or 
acetates with replacement of one halogen and formation of new 
substances, which are true phenols, easily dissolving in alkalies. 
The authors have proposed several formulas with the purpose of 
explaining their lack of power to dissolve in alkalies, but for 
the present purpose it will at first be best to keep the phenol 
formula. By bromination of paracresol :he pentabrom compound 


CH,Br 
| 


if 


Brc” ‘CBr 
(1) 


Bi, a 
er, 
OH 


is produced. It is not soluble in alkali, but acetic anhydride gives 
CH,Br 
| 
Cc 
Fade 
Brc% \cpr 


| | 


BrO. /eBr 
‘wen 
OCOCH, 


in which the bromine is not labile. On the other hand, alcohol 
and the rest of the reagents named above give with (I) com- 
pounds of the type 

1 Ann. Chem. (Liebig), 320, [145] 45; 322, 174and 220; 325, 19, 44, and 67; 329, 1: 


330, 61. 
2 Ber. d. chem. Ges., 34 4256 ; 35» 114, 131, 425, 443, and 465. 


CBr 
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CH,X 
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~~ UY 
ee 
OH 


in which (X) may be 
OC.H,, OH, NHC A, or CHO... 


These compounds are true phenols, easily dissolving in dilute 
alkalies. \Vith side-chains longer than methyl it is necessary, in 
order that the substance shall have the peculiar properties men- 
tioned, to have one of the halogen atoms of the side-chain in con- 
nection with the carbon atom nearest the nucleus. This is shown 
by the fact that eugenol (I) by addition of bromine gives the 


tetrabromide (II), 
CH,—-CH=CH, CH,—CHBr—CH,Br 
| | 


7, 
a oo. 
(II) Br 


/—OCH, Bry /OCH#;: 
SZ, ba 
OH OH 


which is a true phenol and with none of its bromine labile, while 
isoeugenol (III) yields a dibromide (IV) and a tribromide (\), 


CH = CH—CH, CHBr—CHBr—CH, 
| | 
os, o% 
* ra 
(IV) , 
\ OCH; \ OCH; 
al bd 
OH 
CHBr—CHBr—CH, 
| 
JN 
eo 
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both of which are insoluble in alkalies and react with alcohol, 
water and acetates, with loss of bromine and formation of sub- 
stances which are true phenols. There seems to be no convincing 
evidence to determine whether this is an extreme case of the in- 
fluence of substitution by which bromine, in a distant part of 
the compound obscures the phenol functions of a compound of 
the formula (VI), or whether the substance should be represented 
by the quinone formula (VII). 


e 


H , CH,Br 
CH,X Ys 
f* fs 
aa 


P 
‘saul 
OH 


With the last thought in mind, Zincke has called substances of 
the class “pseudo keto bromides” or “pseudo bromides,” while 
Auers calls them “pseudo phenols.” This formula would explain 
the lack of phenol character. Their conduct toward alcohol and 
other reagents is due, according to Zincke, to the splitting off of 
halogen acid with formation of an intermediate methylene 
quinone (VIII), which then adds the reagent to give a true 
phenol of the type (IX) 


CH, CH,OX 
fr, fO% 
- e 
ih © 
iu 
OH 


In some cases the only indication of the formation of a quinone 
is a temporary change of color, but with certain derivatives of 
diphenyl methane and of stilbene colored quinones can be isolated, 
which are capable of adding the reagents to yield true phenols. 
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-linsberg brings forward another case of the effect of structure 
on reactions. He has made a number of polycyclic compounds 
containing nitrogen and finds that of substances formulated, 


2 -@ 
ra ye a 
(1) . 
7. oF Gel Nae es 
“f OS ae ‘ 
i, eo Ss 
/ ee oF vy & 
(II) | | | : 
\ piss os e i 
— > er NE 
of, N /\ 
ra a i hat Oh 


(III) 


| 
My Me ee, A 
a a Ne 


ee 
wi 
No. (II) is least stable and most like a quinone in its ease of re- 
duction. Of the substances 


~~ Ff Sf % Ax rs 
7 Or he Oe OS yr Oe 


(1) and (IT) 


‘oe kr oe % “x ao oe 
~~ Se ial bal 


the second is more stable, while the compound formulated, 


rr oe 
fe OR a 


ee /\x/™ i 
al ed Sl 


is not capable of existence, or is, at least, very unstable. He con- 
cludes that in polynuclear compounds, those containing more nuclei 
are less stable, especially if all of the rings are in a straight line. 
Fischer having solved the problem of the sugars and of uric 
acid and the xanthines, has now taken up the task of synthesizing 
peptones. With characteristic insight and directness of attack 
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he is obtaining results by very simple methods.’ Glycin anhydride 
or glycylglycin, 

NH,CH,CONHCH.COOH, (1) 
is changed to its ester, 

NH,CH,CONH.CH,—COOC,H,, (II) 
and this by action of acid chlorides has a hydrogen atom of its 
amino group replaced by an acid radical. For example, by action 
of chlorearbonic ester the ethyl ester above vields 


C,H,OCONHCH.CONHCH,COOC,H,. (IIL) 
This, by action of ammonia, gives the amide 
C.H,OCONHCH,CONHCH,CONH.. (IV) 
On the other hand, the compound (II1) by action of thionyl chlo- 
ride gives the acid chloride (V), 
C,H,OCONHCH,CONHCH.COCI, (V) 
which acts like other acid chlorides toward glycylglycin ester 
to yield still more complex amino acid amides or polypeptides.? 
By action of chloracetyl chloride on glycylglycin or ester (II) 
and careful saponification he is able to make the acid 
CICH,CONHCH,CONHCH.COOH, 
which is changed by concentrated ammonia to the tripeptide di- 
glycylglycin 
NH,.CH,CONHCH,CONHCH,COOH. 


By use of other halogen chloranhydrides, polypeptides are made 
containing residues of acids besides that of acetic acid; for ex- 
ample, by use of a-brom propionyl bromide an alanyl glycyl- 
glycin is prepared.® 

The peptone problem is also being studied by the synthesis of 
some of the more complex decomposition products of peptones. 
By reduction of isonitroso cyanvaleric ester, 


CNCH,CH,CH,C-—COOC,H, 
NOH 


a diamino acid? like lysine, except in its inactivity, was produced. 

Many other workers are busy with the study of natural sub- 
stances. Perkin, Herzig and Pollak, and Kostanecki and Jempi 
have articles on brazilin; Kostanecki and Tambor on catechin; 
Legler on aloin; Bertels on artemisin; Pinner contributes to the 
study of pilocarpin; Dobbie and Gadamer each has corydalin as 
a subject of research, and Gadamer has papers on_ berberin. 


1 Ber. d. chem. Ges., 35, 1095. 
2 /bid., 36, 2094 and 2592. 

3 Ibid., 36, 2982. 

4 Centrdl., 1902, p. 985. 
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Freund and Beckert determine that cotarnin is very closely re- 
lated to hydrastin. It is hvrastin with one hydrogen replaced by 
the methoxy group. 


OCH, 
Faas 
HCY  \ccH, 


| 


sa Var 


\ * 
\c% ~—s to 
7 , 


tC ——-.«( 
H | 


Po if 
po CH NX Nncu, 
cH | | | 


me 
OC aN EE: 
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rs CH, 


Hydrastin. 


Cotarnin. 
1 Ber. d. chem. Ges., 36, 1521. 
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It is striking that there are now so many researches of which 
the unsaturated compounds form the subjects. The theory of 
Thiele, recently reviewed and criticized by krlenmeyer,? while 
not complete, has apparently stimulated to work and to theoretical 
views besides his own. Vorlander? cites the work of others and 
brings forward new work of his own to show the mutual effect 
of carbonyl (=CQO) and of ethylene groups (=C=C=) on 
one another. When they are neighboring so as to form the group 
(=C=C’—C’=O), the ethylene group becomes more active 
than before, it takes on other atoms more easily to give addition 
products. It will also take up hydrocyanic acid and other sub- 
stances which are not taken up by simple ethylene compounds, but 
only by (=CO) itself. The (=CQO), on the other hand, by 
its proximity to the ethylene group loses, to some extent, its own 
additive power. These mutual influences are still noticeable, 
though less strongly so when the two groups are more distant 
from one another in the structure. ‘These effects of the groups 
are paralleled by the well-known effects the respective groups 
have on other near groups. Thus (==CO makes chlorine or 


hydroxyl connected with it, in acid chloride and in acid, more 
active than in other relations, while its own power of making ad- 
dition products is lessened by the presence of chlorine or hydroxyl. 


It has been suggested that it is the negative character of (=CO) 
which gives it this stimulant effect. To test this Vorlander ascer- 
tains the amount of sodium malonic ester which will, under given 
conditions, be added to the various amides of cinnamic acid, 


C,H,CH=CH—C=O(NHR). 


Some of the bases, NH.R, from which he derives the amides are 
much more basic than others and should greatly modify the 
negativity of the (=CQO) next to the amido groups. He finds 
no specific difference in the additive power of the different amides 
and concludes that the negativity of the carbonyl is not the effec- 
tive cause of the increased activity of the ethylene group 
(=C=C=)when (=CQ) 1s placed next to it. In a second 
article? Vorlander discusses the nature of radicals. The influence 
which certain groups have on the conductivity and other activi- 
ties of compounds has been referred to the positive or negative 
character of those groups. Vorlander cites cases in which the 
same group, in different compounds, produces opposite effects 
and concludes that it is not best to consider the radical as positive 
or negative, but to take into consiueration the character of the 
elements contained in the radical. He then cites numerous cases 
in which with equal positivity or negativity in two compounds 

1 J. prakt. Chem. [2],65, 346. 

2 Ann. Chem. (Liebig), 320, 66. 

/bid., 320, 99. 
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one is reactive and the other is not. Finally, he concludes that 
in all the cases, whether the compounds are positive or negative, 
those which are reactive are unsaturated. 

The effect of the carbonyl group in making neighboring groups 
reactive is seen in the ease with which methyl or methylene ketones 
and aldehydes react with various reagents. A new case of this 
is made known by the work of Delepine.t_ By the action of fuming 
sulphuric acid on certain aldehydes and ketones sulphonic acids are 
made. Barium hydroxide decomposes them with formation of 
sulphonic acids and carboxyl acids. The compound made from 
propionic aldehyde. 

CH,C(SO,H).—CHO, 


yields, by hydrolysis, ethane disulphonic acid, 


CH,CH(SO,H).. 


and formic acid. 

In connection with aldehydes as unsaturated compounds the 
new synthesis of aldehydes, discovered by Wahl,* is of interest. 
Aldehydes react with nitromethane, according to the general 
formula 

R—(H)C=O + CH,NO, = R—(H)C(OH)—CH,NO,,. 


Zinc chloride removes water with formation of the nitro compound 
R—(H)C = CH—NO,, 

which, by reduction, is changed to the oxime 
R—CH,—(H)C=NOH, 

and this may be hydrolyzed te the aldehyde next higher than the 

initial aldehyde. 

Vorlander and Meyer* find that diazo compounds are changed 
by ammoniacal cuprous oxide to azo compounds when the diazo 
body contains either CH,, OCH,, or Cl in the ortho position to the 
diazo group but to diphenyl derivatives when the ortho group is 
NO,, COOH or COOCH;. For example 2CH,OC,H,N,OH 
gives 

CH.OC BLN = NC BLOCH, 
while 2NO,C,H,N.OH gives NO,C,H,C,H,NO,. 

This they generalize by saying that unsaturated groups promote 
the production of diphenyl compounds. 

An apparently new instance of trivalent carbon is the tolan tri- 
chloride of Loeb‘ which he formulates 

C,H,—C™ (Cl) —C( Cl.) C,H, 

1 Compt. Rend., 133, 876. 

2 Jbid., 134, 1145 and 1226. 


3 Ann. Chem. (Liebig), 320, 122. 
4 Ber. d. chem. Ges., 36, 3059. 
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since it can take on chlorine to give the tolan tetrachloride 
C,H,—C'Y (Cl),—C (Cl. )C,H,, 

and loses chlorine by action of zinc to give 
C,H,—C(Cl) = C(Cl)—C,H,;,. 


That it does not act strongly as an unsaturated compound is by the 
author laid to stereochemical effect. 

The idea of the tetravalence of oxygen has been a leading 
thought in several recent publications. Kehrmann and his asso- 
ciates continue to make use of this ideat in their study of the 
oxazine compounds. Buelow and von Sicherer,’ by action of hy- 
drochloricacid on dibenzoy! methane and phenols, make compounds 
of a new class called the pyranols. The direct product of the 
action is a hydrochloric acid salt of a non-nitrogenous base con- 
taining oxygen. From pyrogallol, for example, they make a com- 
pound to which they give the formula 


OH H Cl 
| lt 


ry £ 


HocY ‘\c% can, 


6 3 


~~ 2% 2 
us ae 
H OH 


Fzom this they easily make the chlorplatinate and picrate. The 
free base is produced by action of sodium acetate. The authors 
regard this as a clear case of the tetravalence of oxygen and as 
confirming the idea that it is the bridge oxygen of dimethyl pyrone 


CH.— C—O— C—CH, 
| 
HC—CO— CH 


which is concerned when it unites with hydrochloric acid to form 
salts. An interesting fact in this connection is brought out by 
Coehn* who finds that when dimethyl pyrone is electrolyzed in 20 
per cent. hydrochloric acid, the dimethyl pyrone goes with the hy- 
drogen to the cathode and from this concludes that the pyrone with 
the hydrogen forms a complex “ion” like NH,. 

1 Ann. Chem, (Liebig), 322, 1. 


2 Ber. d. chem. Ges., 34, 3916. 
3 Ibid., 3§, 2673. 
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The specific effect of certain substances as catalyzing agents has 
been studied by Sabatier and Senderens.t By passing carbon 
monoxide or dioxide with hydrogen over finely divided nickel 
heated to from 250°-280°, methane is produced. Cobalt re- 
quires a higher temperature. Other metals seem to fail. By 
conducting ethylene and its homologues with hydrogen over 
nickel heated to from 160°-200° they are reduced. Copper effects 
the same result. Cyclic hydrocarbons of the C,,H,,, series are not 
changed. Limonene is reduced and from this they decide that it 
has a double bond outside the cycle. Ipatiew finds that when or- 
ganic compounds are heated to from 350°-700°, there are several 
types of reaction. Alcohols yield ethylene hydrocarbons and water ; 
some ethylene hydrocarbons are rearranged to isomers; cyclic 
hydrocarbons are changed to ethylene hydrocarbons; ethylene 
oxides yield aldehydes and ketones. These reactions take place 
with much greater readiness in presence of aluminum oxide than 
with any other substance used. 

In taking a rapid survey of the work of organic chemists for the 
past two years, the impression has been made upon the writer, that 
the time is soon coming when more definite conceptions of the 
meaning of affinity and of the process of chemical change will be 
held than are now current. The prominence of work on unsatu- 
rated compounds and the conception that the groups are unsatu- 
rated, which have a strong effect in modifying the activity of re- 
action of organic compounds, raise the question of the deeper 
meaning of these studies. The formation of additive compounds 
by substances containing the so-called tetravalent oxygen, the fact 
that Grignard’s organo magnesium halides can be made only in 
ether solution and that they strongly hold the elements of ether, 
with many other more familiar facts seem to show that many 
compounds have a residual affinity. The work of Menschutkin, 
proving that the same substances under the same conditions of con- 
centration and temperature will react with vastly different rapidity 
if the solvent is changed, shows that the solvent is not a mere space 
to the reacting substances. From these facts and speculations the 
question comes to mind whether again from the work of organic 
chemists much aid is not coming in the solution of the fundamental 
problems of chemistry. These facts and views as they have come 
together suggest that it may be that all compounds capable of re- 
action are unsaturated, that reactions are brought about by the 
effect of their mutual attractions, of their residual affinities, which 
coalesce two compounds or two compounds and a common solvent 
or two compounds and a “catalytic agent” into a complex, from 
which emerge in turn new substances which are more nearly satu- 
rated or have less affinity for each other or for the catalytic agent 


1 Compt. Rend., 134, 514 and 689. 
2 Ber.d. chem. Ges., 35, 1047 ; 36, 1990, 2014 and 2016. 





NOTE. 875 
or solvent. It seems probable that views along the line of those 
of Thiele. Werner, Flturscheim and Michael will show themselves 
more and more vital and productive in the near future. 


NOTE. 


Student's Apparatus for Determining the Hydrogen Equivalent 
of Metals—The figure shows a simple apparatus for the determi- 
nation of the hydrogen equivalent of metals. I have tested it with 
a large first-year class and found it very convenient and satis- 
factory. It is used in connection with a common laboratory dish, 
a 50 cc. graduated gas tube and a balance which weighs to centi- 
erams or milligrams. 

The gas tube, filled with water, is inverted over the dish and 
held in a support. The generator is supported in a little block 
of wood shown in outline in the figure. A strip of sheet zinc, 
best chemically pure, is cut to weigh 0.12 or 0.13 gram and care- 
fully weighed. The generator is placed with the delivery tube 
in the dish, and water is poured in until the air is expelled. The 


zinc is dropped in and the exit is placed under the mouth of the 
gas tube. Sulphuric acid of specific gravity 1.18 is added until 
the water is displaced and action begins. The mouth of the 


generator is closed with a cork to prevent oscillation, which 
might carry some hydrogen out at the side tube. When action 
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ceases, the cork is removed and water added in order to carry 
all of the gas over. The tube is transferred to a cylinder of water, 
and when it has assumed the temperature of the water it is 
raised until the water level is the same without and within and 
the volume of gas is read. The temperature of the water is 
taken and also the reading of the barometer, corrected for aqueous 
vapor pressure. The gas volume is corrected for temperature and 
pressure to 0° and 760 mm., and its weight is computed. From 
this result the amount of zine corresponding to I gram (or more 
accurately, 1.0076) of hydrogen is calculated. ‘This is the hydro- 
gen equivalent, arid twice this is the atomic weight, of zinc. 

The apparatus was made for me by Eimer & Amend of 
New York. J}. ¥, & Biaece. 


UNIVERSITY OF, NASHVILLE, 
NASHVILLE, TENN. 
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DIE CHEMIE UND TECHNOLOGIE DER NATURLICHEN UND KUNSTLICHEN 
ASPHALTE. EIN HANDBUCH DER GESAMTEN ASPHALT-INDUSTRIE FUR 
FABRIKANTEN, CHEMIKER, TECHNIKER, ARCHITEKTEN, UND INGENI- 
ENRE. VON D. HypoLytT KOHLER, dirigierendem Chemiker mit Cya- 
nidwerke der Roessler and Hasslacher Chemical Company, Perth Am- 
boy, N.J., U.S. A., friiherem technichen Director der Asphaltfabriken 
der FIRMIA C. F. WEBER, Leipsic-Plagwitz. Mit 191 in den text 
Eingedruckten Abbildungen. Braunschweig, 1904. Price, 15 marks, 

This is the latest and most comprehensive work that has yet 
appeared on this subject. Without a full reading of the text, 
for lack of time, we have given the 400 closely and elegantly 
printed pages, of which the work consists, a very careful ex- 
amination and have concluded that the work is a masterpiece of 
compilation. While it is of most value to the technologist, it is 
of much value to the chemist. The artistic excellence of the 
illustrations to the technology leaves nothing to be desired. While 
the references to the work of French, English and American 
chemists and technologists are very appreciative, the work of 

Germans is given most prominence, as, perhaps, might be ex- 

pected. It is to be regretted, however, that in many instances 

reference is not made to the original papers of Americans, but 
to abstracts of those papers as they appear in German periodicals. 
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In some instances this serves to perpetuate error of both state- 
ment and conclusion, and does the authors injustice. It also 
serves to make the work more strictly German. This, however, 
in consideration of the large number and wide range of refer- 
ences is of only minor importance. 

Another more serious occasion of criticism, and one which 
involves a fundamental source of error, is the almost total lack 
of systematic classification of sub-subjects. While the work treats 
of natural and artificial asphalts, their relation to each other 
as distinct classes is not made clear, nor is such relation kept 
distinctly before the reader in the arrangement of chapters and 
sub-chapters, but the discussion of the two classes is more or 
less confused. Lack of space prohibits extended illustration of 
this point, but attention is called to the paragraph on page 88 in 
which in the chapter devoted to the physica! and chemical proper- 
ties of natural asphalts, reference is made to the work of S. F. 
and H. E. Peckham, upon a residuum from which hydrogen had 
been removed by burning it out with sulphur. The ex- 
periments made by thése authors were made upon a solid 
residuum from petroleum that was run out of a still while hot 
and fluid, and, after cooling, was again melted with sulphur at such 
a temperature as would insure the removal of the sulphur in com- 
bination with a part of the hydrogen. This residuum was wholly 
unlike natural asphalt in both physical and chemical properties, 
and the conclusions that were drawn from the experiments re- 
lated wholly to the composition of the original petroleum and 
in no manner referred to any natural asphaltum. 

The generic relation of naphtha, petroleum, maltha and asphalt 
or asphaltum, as forms of natural bitumen, is stated with suffi- 
cient clearness, but the fact that there are bitumens that never 
occur in nature in the solid state, others that always occur solid 
and still others that are found in every physical state from nat- 
ural gas to asphaltum, if anywhere stated, must have escaped 
our notice. The fallacy that petroleum is the original product 
out of which the maltha and asphalt have certainly come forth, 
though opinions differ as to the cause of the different steps in 
the series of changes (dass das fltissige Bitumen das ursprung- 
liche Product genossen ist, aus dem die beiden andern infolge 
gewisser Veranderungen, titber deren Ursache die Meinerungen 
noch aus Einander gehen, der Reihe nach hervorgegangen sind, 
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page 43) is a fruitful source of many other fallacies that injure 
the book and detract from a value that might have been well- 
nigh complete. This error leads to the assumption that petroleum 
residues, however made, are identical with natural asphalts; 
when, as a matter of fact, they are not identical among them- 
selves when made by different methods from petroleum out of 
the same well, nor are any of them identical with natural asphalt. 
We believe these conclusions would have been reached by the 
author himself had his reading taken sufficient range to have 
included the original memoirs of Mabery, Warren,. Hunt and 
other American investigators who have shown the great diversity 
of composition observed among the different varieties of crude 
petroleum and the great diversity of products obtained in their 
technology. 

We have carefully read the chapter devoted to the chemistry 
of natural and artificial asphalts. While this chapter contains 
a large amount of information of great value to both chemists 
and technologists, the lack of systematic and orderly arrangement 
makes it necessary to read the whole chapter in order to ascertain 
its contents, and little, if any, discrimination is exercised with 
reference to the use of the many different processes described. 
This is to be regretted as it is often impossible for the chemist 
to select a process suitable to special needs, after trial of a large 
number, simply for lack of time. 

In spite of the defects to which we call attention, the book has 
great merit and will be found, in the hands of discriminating in- 
vestigators, extremely useful in the line of asphalt determination 
and research. S. F. PEcKHAM. 


ASPHALT PAVING. REPORT OF THE COMMISSIONERS OF ACCOUNTS OF THE 
City OF NEw YorRK. February 3, 1904. 

That this report has a scientific as well as practical interest will 
be seen from an examination of the table of contents. ‘The first, 
second and fifth sections cover the practical side of the subject, 
being devoted to a discussion of asphalt paving specifications in 
New York and other cities and comment upon the same by the 
Chief Engineer of the Commission, Otto H. Klein, and the chemist, 
Professor S. F. Peckham: the third and fourth sections cover ex- 
perimental work of Professor Peckham on the proximate analysis 
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of bitumens and a discussion of the views of different authorities 
concerning the nomenclature of bitumens. The proximate analysis 
work of Professor Peckham was carried out upon Trinidad Pitch 
and involved the application to the sample of methyl alcohol, 
acetone, ethyl ether and chloroform used in succession. Professor 
Peckham believes that a clear line of separation is possible by 
means of these solvents used in the order named. The various 
solutions were in each case, after the first, precipitated by the pre- 
ceding solvent and washed with excess of the precipitant until pure 
residues were obtained. These residues were thus insoluble in 
any solvent that preceded its own. Various chemical tests 
were applied to the residues thus obtained and Professor Peckham 
states his conclusions as to their composition as follows: ‘“Trinidad 
pitch consists of hydrocarbons which hold in sclution oxidized 
products and complex organic salts of iron and alumina, some of 
which are soluble in chloroform and others of which are not. To 
a less extent these proofs hold good respecting other asphaltums, 
most of which contain a very much smaller proportion of mineral 
salts than Trinidad pitch.” Professor Peckham objects, therefore. 
to the use of the common terms “petrolene and “asphaltene”, 
which are so generally availed of in asphalt analyses. The section 
on the nomenclature of bitumens is somewhat controversial, as 
Professor Peckham takes issue particularly with the classification 
adopted by Mr. O. H. Eldridge in the volume published by the U. 
S. Geological Survey in 1902 on “The Asphalt and Bituminous 
Rock Deposits of the United States.” After a review of the defini- 
tions of various writers on the subject, Professor Peckham gives on 
page 103 what he entitles “A Correct Classification of Bituminous 
Substances” which seems very complete and is well worth study. 


Among several appendices of a practical character is published 
Boussingault’s memoir upon the composition of bitumens. 


The contributions, to our knowledge, of asphalts that have been 
made by Professor Peckham are considerable and his views are in 
general, well summarized in this work. Along with the article by 
Clifford Richardson “On the Nature and Origin of Asphalt” that 
appeared some years ago in the Journal of the Society of Chemical 
Industry we have practically all that is known of their chemical 
composition. SamueEL P. SADTLErR. 
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THE METALLURGY OF STEEL. By F. W. HARBORD, Assoc. R.S.M., F.I.C., 
with the collaboration of J. W. Hau. First edition, 758 pages, illus- 
trated. London: Chas. Griffin & Co., Ltd. 1904. Philadelphia: J. B. 
Lippincott Co. Price, $9.00. 

Until this work appeared, the only recent treatise that could lay 
claim to other than a general or abridged account of the metal- 
lurgy of steel was the classic work of Howe, a volume indispen- 
sable to one who would become conversant with our present knowl- 
edge of the constitution, varieties and uses of steel and the chemi- 
cal and physical changes involved in its manufacture; but, un- 
fortunately, his treatment of the subject is so exhaustive and 
detailed that the reader must have at least a fair acquaintance 
with chemistry and metallurgy to follow the often intricate theories 
and discussions. Hence the need of a work describing in a manner 
intelligible to the general reader, as well as the student, the various 
processes of steel-making and the changes in composition and 
structure undergone by the raw materia! in its transformation to 
the finished product. The want is excellently met by Harbord and 
Hall, who have treated the subject in as simple phraseology as 
practicable, and by judicious arrangement and condensation have 
managed to present a very complete account of the metallurgy 
in the compass 3f a single volume. 

In the introduction, contrary to the usual custom, the author 
declines to frame a general definition for the word steel, asserting 
that it is almost impossible to include in one phrase the various 
products known to the arts as “steel,” but instead, contents him- 
self with defining the metal produced by the Bessemer and Siemens 
processes only. 

The first five chapters are devoted to the acid and basic Besse- 
mer manufacture, including a very clear description of the ponder- 
ous machinery for its production, and the reactions during the 
blow and recarburization. The question of the advantages and 
disadvantages of sma!l converters of the Roberts type is consid- 
ered briefly and impartially. 

Chapters 6 to 8 discuss the open-hearth acid and basic processes 
beginning with the gas-producer. It is gratifying to note how 
well are described the many radical advances in furnaces and 
accessories that have been made in recent times. Following 
Holley, the author predicts that eventually the basic open-hearth 
process will supplant both the acid and basic Bessemer for rail 
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and structural steel. The next three chapters treat of the produc- 
tion of steel castings, shear and crucible steel and armor-plate, 
and the direct processes of making steel. 

The second part of the volume is devoted entirely to the reheat- 
ing of cold ingots and blooms preparatory to rolling and forging 
and the furnaces and machinery for charging and withdrawing 
the ingots. 

The third part takes up the mechanical treatment of steel with 
detailed descriptions of rolling mills for sections and plates, and 
their accessory engines, tables, tongs, etc. As might be supposed, 
English and Continental types are given the most prominence, but 
the important American inventions and improvements have not 
been slighted Incidentally Harbord notes a “tendency among 


‘he fourth part takes up the mechanical testing of steel, with 
numerous examples, describing, in detail, a hydraulic and a lever 
testing machine. The last part gives a condensed account of the 
microscopic examination of slightly etched surfaces of steel, with 
many micro-photographs reproduced in hali-tone. Due credit 
is given to several American workers in this field and their efforts 
toward the interpretation of microscopic structure and its applica- 
tion to metallurgical problems. A note is made of the relation 
of the Gibbs phase rule to the constitution of steel, but a brief 
outline of the application of the law in this particular instatice 
would not have been out of place. 

\ good index is provided, and several useful tables. 

FRANK JULIAN. 


ELEMENTS OF WATER BACTERIOLOGY, WITH SPECIAL REFERENCE TO 
WATER ANALYSIS. By SAMUEL CATE PRESCOTT AND CHARLES-ED- 
WARD AMORY WINSLOW. New York: John Wiley & Sons. 1904. 162 
pp. Price, $1.25. 

This little book is evidently the outgrowth of considerable 
practical experience in the line of water examination by culture 
methods. The authors are connected with the Biological Lab- 
oratories of the Massachusetts Institute of Technology, which, as 
every sanitarian knows, have contributed so largely to the de- 
velopment of the theory and practice of water analysis. The 
book is intended for the use of chemists and sanitary engineers 


1 


who have already had experience in general bacteriology. No 
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directions are given for the ordinary routine manipulations, but 
stress is laid on the special points which come up in water analysis. 
Here the book is full enough for all needs, but its most valuable 
feature is the discussion of the conclusions which may be drawn 
from the results of bacterial tests. This is, of course, the most 
difficult part of the whole problem and it must be said that the 
authors deserve credit for the conservative manner in which they 
discuss questions still in dispute. J. H. Lone. 


THE AMERICAN YEAR-BOOK OF MEDICINE AND SURGERY FOR 1904. Vol- 
ume I. Including general medicine. Octavo, 673 pages. Philadelphia, 
New York, and London: W. B. Saunders & Co. 1904. Cloth, $3.00 
per volume. 


In former vears attention has been called to this valuable com- 
pilation, which is under the general editorial charge of Dr. George 


M. Gould. The reviews of work in physiological chemistry, pre- 
pared by Dr. Walter Jones and Dr. Reid Hunt, of Baltimore, and 
those in legal medicine by Dr. John Marshall and Dr. J. H. W. 
Rhein, of Philadelphia, will be found of most interest to chemists. 
But several of the other departments treated will also be found 
of interest in view of the increasing influence of chemistry on the 
discussions of internal medicine. The Ehrlich “side-chain theory” 
is a good illustration. Much of the matter in the section on physi- 
ology is largely chemical. J. H. Lone. 


THE VEGETABLE ALKALOIDS, WITH PARTICULAR REFERENCE TO THEIR 
CHEMICAL CONSTITUTION. By DR. AME PICTET, Professor in the Uni- 
versity of Geneva. From the second French edition. Rendered into 
English, revised and enlarged, with the author’s sanction, by H. C. 
BIDDLE, PH.D., Instructorin the University of California. New York : 
John Wiley & Sons. 1904. vi-+ 505 pp. Price, $5.00. 

This little book, written by Pictet, has been much in use on the 
Continent, and has become knewn everywhere to those giving 
attention to the chemistry of the alkaloids. It has stood almost 
alone as a brief summary of the constitution of vegetable alkaloids, 
separate from other matter. The second edition by the author, 
“La Constitution chimique des Alcaloides végétaux,” in 421 pages, 
appeared in 1897, and is the edition that Dr. Biddle has “rendered 
into English, revised and enlarged,” as stated on the title-page, 


“with the author’s sanction.” 
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A German translation, by Wolffenstein, was published in 
Jerlin in 1891, with a second edition of 444 pages in 1g00. An 
English translation is, indeed, desirable and will be of much 
service. 

Text-books of organic chemistry, both those in English and 
those in German, with the exception of one or two of the larger 
treatises, dispose of the alkaloids :n few words, as though they 
were not covered by systematic studies of chemical constitution, 
In fact, however, the literature of their synthetic chemistry is 
too extensive and too recent tc summarize. In Beilstein’s volume 
III, 1897, there are 200 pages upon vegetable alkaloids, litera- 
ture closely related to that of the nitrogen bases at large, of which 
there are 1800 pages in volume IV, 1808. 

In its scope this work is confined to chemical constitution, and, 
as introductory to the vegetable alkaloids, “artificial bases closely 
related to the natural alkaloids” are presented in a “First Part” 
of 107 pages. The treatment is not so comprehensive and philo- 
sophical as Guareschi’s “Vegetable Alkaloids and Ptomaines,” 
translated in German by Kunz-Krause, and published in Berlin in 
1896. Nor is the discussion of leading researches so much ex- 
tended as in the briefer monograph of Julius Schmidt upon “The 
Synthesis of Alkaloids” (232 pages), rgoo: Stuttgart. Pictet’s 
work is, however, adapted to more general usefulness, probably, 
than either of the works above named. With them it makes a 
good companion to the new compilation upon “Der Stickstoff und 
seine wichtige Verbindungen,” by Leopold Spiegel. 

Dr. Biddle has added a considerable number of references to 
literature later than the date of the second French edition of 
Pictet, in some cases later than the issue of the second German 
edition. Both he and the publishers deserve the thanks of the 
chemical public for making this work accessible in English. 

A. B. P. 


A METHOD OF IDENTIFICATION OF PURE ORGANIC COMPOUNDS. By SAM- 
UEL PARSONS MULLIKEN, PH.D. New York: John Wiley & Sons. 
Vol. I. Lg. 8vo. 264 pp. Price, $5.00. 

The volume before us is the first of a series of three volumes 
which will treat, respectively: (1) Hydrocarbons and oxygen de- 
rivatives; (2) nitrogen compounds of carbon; (3) compounds 
containing other elements besides those named. It is a qualitative 
analysis of pure organic compounds and gives systematic study to 





884 NEW BOOKS. 


some 2300 compounds containing carbon, hydrogen and oxygen. 
As a preparatory piece of work, methods are given for the quali- 
tative detection of the various elements which may be contained 
in organic compounds. Some of these methods are novel and 
may be useful in general analvsis, for example, the use of fluores- 
cein paper to detect bromine. By these tests the compound is 
referred to its proper general group or order, each of which is 
to be treated in a separate volume. The substances treated in 
this volume are under Order I. They are divided into two sub- 
orders, colorless and colored substances. The first sub-order is 
divided into several genera, zviz., aldehydes, carbohydrates, acids, 
phenolic compounds, esters, acid anhydrides and lactones, ketones, 
alcohols, hvdrocarbons. A substance is placed under one of these 
generic heads by chemical tests, which are systematically applied 
in a fixed order. The species in these genera are fixed approx- 
imately by melting- and boiling-points, and particular substances 
identified, in many cases, by special tests. Color reactions are 
made definite by color charts appended. 

While the practicability of any such analytical scheme can only 
be decided by use in the laboratory, the apparent care with which 
every detail has been worked out lead to confidence in the method 
The book will certainly be a valuable one for any chemist to 
have, both for its analytical uses and for the classified knowledge 
it contains. It would seem that it might well have an important 


place in long courses of organic chemistry. Inorganic qualitative 


analysis serves a good purpose in general training by giving 
students, who have had elementary and theoretical chemistry, a 
basis of experience which leads to definite results and consequent 
trust in themselves and in chemistry. In the same way such a 
course of organic qualitative analysis may serve to crystallize the 
eeneral ideas previously obtained, and stimulate to further study 
by suggesting knowledge which the student may find in detail by 
reading the original literature. H. W. HIbryer. 


ERRATA. 


In the paper by F. P. Veitch on ‘‘ Soil Acidity,’’ in the June 
number : 

On page 661, last paragraph, third line, for milligrams, read 
tenths milligram. 

On page 662, first line, strike out ‘‘ of 10 grams each.”’ 











